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REI>oniS OF TIfK Td^OKlT UNtVEiy<IT)% 4TII S).U. 

(Brouwjv), Voh. xvnr. No. I, 1947. 

ON A NEW SPECIES OF FRESH-WATER 
POLYP FROM JAPAN 

y\y 

Takeo It6 

Uio^otjical fmtihLU\ Vohnkti, fJnTi)€rf<(fijf Sffufai, Japan 

(With 4 Text-figures) 

(Received June 15, 1946) 

rt was in October of 1942 that this kind of fresli-water polyj) was 
cdlectcd by me for the first time from a small irond of the Biological 
Instttuto m Seiulai. 'i'hey quite diminished in the v\intcr season of 
the same year, but in April of 1943, apix-arod again very abundantly 
in the same place, and th,«y w<-re found in hu'rly iiourish condition 
in the latter parts of August. In about the same .se<ason, some other 
living sijocimen.s were brought to my laboratory from Tokotan near 
Akkeshi, Hokkaido, and were cultured continuously. In the early parts 
of November, many sirecimen.s similar to those from tlie above pond 
Mere also collected from Kawato-numa near • Sendai, and they were 
found to be almost sexually mature. Soon after the abow collection, 
many sexual individuals were abundantly found in both of the culturc.s 
?nul pond thereafter. 

I’hus using tlxese sirocimcns from the above-mimtioncd throe locali- 
tie.s. many characteri.stics Shown in the sexual and a.sexual stagc.s were 
able to be compared and cletermineil. 

Although KuWABAUA (1933) described a species from Hokkaido as 
identical with Hiidm circumcinHa\. Scitut.ZE of KurojM!, it is identical 
with the present .sixecies and seems apparently to be a distinct sjwcics 
new to science. I have given tlxo name of llytlrn 2>arra to thi.s species 
from tl)^ charact6ristic btung of small size. 

Here I express my hearty thanks to Prof. Dr. Sanji IFizawa for 
his kind guidance and to Mr. M.ASUl'ARf) Kuwabara for liis generosity 
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expressed to the writer in -giving valuable specimens. 


Hydra pawn, sp nov. 


Ota: Small in size. 3 « mm. u.sually about 5 mm. in length, 
when ob.servecl in fully extended attitude in life ; not clearly differentiated 
into di.stal body and proximal .stalk; ap(K'armg rather bottle-sha}K d in 
half-contractcd state. 

7 Vn<Wc.s; 5 - 8 , u.sually 6 in number; .extended in rather an erect 
status arching somewhat in the middle portion; alnays shorU^r than 


column, being about 1/3 l‘mgth of the latter 



( hhur : Com- 
Hionly pale pinkish- 

or redfiish brown, 
frequently marked 
with clear tint in 
the region of hy- 
postoine. 

TIu! patter fi of 
feiit(U'h fonn^rfion in 
hud.s : d he pro- 

tuberances ari.st^ si- 
multaneously, and 
thus the tentacles 
are of equal length 
throughout tlieir 
growing stages. 
Niy)n>at(>ai/dH : 

U.sually of four 
Xyprs : 

a) l^netrants ; 
9,0 " 19.0 p long 
and 7 5 



A N>w i:»pccie-^ wf Fru?jh"W;itcr Polyp 




wide, broadly pear-shaped, whh one {)ol<‘ broadly truncated and the pther 
almost rounded. 

b) Sti<*|)toHne g-Iutinants : 7 5 ~“ 0 . 5 /^ 5 0-6.5/^ wide, oval-sha[>ed 

being narrowed and pointed at one end, the thread occupying the upper 
half of the interior of capsule is transvec^ely or obliquely coiled threi^ or 
four times and shows strong tight refraction, while tlw lower half is 
wound cntangly forming a number of It.mgitudinal loops. 



a ' 1 ) c d 

Text-fig. 2. Ncinatocyst^ t>l JfydHi p<V'in, sp. n a, PtnetrarU- 
b, Streptolinc gUuiwant. t, Strrcoline gUitinam. d, VolvcnU ( x 3600). 


c) Sterooline glutinants : y long and 3.04.0/^ wide, narrowly 

ovahsliaped. 

d) Volvents ; 6.08.0/^ hmg and 4 . 0 '- 5 - 5 wide, small pyriform. 

Scx^wlI rejyi'whwtion : Hermaphroditic, provided with distal testes and 

proximal ewarios, ratlier protundrous ; sexually matured in middle and 
late autumn in nature. 

A) Testes ; 2-6 usually 3--4 in aumt>or occurring in each irwlividual ; 

stumpy conical, rather pyriform in contracted state, with large stocky 
nipple at apex in wliich are found numerous active spermatozoa, when 
matumd. 
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B) Ov'aries ami eggs: 'I'lw ovaries are usually swollen out ni^ar the 
budfling zone, tinged with pinkish white ; the protruded eggs are s()herjcal 
in form and they fall down from the body of parent after fertilizatiojj, 
an<l tlK! fertilized eggs are flaltent'd by forming tlie thecae fa tened to 



rext-fi^. 3. Jfixli.a pari'a, sp. 
n. a, Sexual intlivifluil with 
thrcti: testes^ one ovary and an 
extruded egg. (Tentades ojnittcd). 
h, \'oung testis, e, Matured testis 
with a large nipple. d, Ditto, 
contracted. l>-d, XI30). 


tin* sa!)tticrg^O(l .siihstancos. 

C'j Idnbryonic tb<‘’Cao Thin vvalit'tl, 
coloured oivtnj.^O“ or nnldish brown ; holiiKd- 
siiapod, with many shf>rt spines; O-SSrnm. 
in longest diameter and 0.24 mm. in 
hcigiit, f)n average. 

Jhihildi : Imiividuals an* found in 

ponds, marshes and lakes, usually attaclwjd 

* "w 

to the under side of submergfsl objects, 
showing rather negative phototaxis. 

Tum loraiitf/ : A small jK>nd r)f the 
Biological Institute, d’blioku University, 
Sendai. 

Oiltcr : Tokyo (KuvvahAKa) ; 

Kawato-numa, near Sendai ; Kogawara- 
numa, Aomori Prefecture ; Tokotan near 
Akkeshi, Hokkaido. 

Re.marls : The present new sjx^cies 
indicates very close relation \n JJydra rir- 
(uninneid P. Sf MUL/K, but the shajH* of 
testis and .structure of the emf)ryonic tlioca 


are difinitely different in 
the.sc' two sjx’cie.s in ques- 
tion. Hydra idaknhri'^ 
lI'iMAN, with the .similar 
helmct-sha[>ed embryonic 
theca, also differs from 
the pres<mt si 5 ecies in the 



Ttxt-Cig, 4. }{^dra parva, ftp. n. 
Side-view of the lhfcitc<l embryo. ( ;•< icx>'j. 
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quite sfwaeless theca and also m some othe^r features. 
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A Nl^W rRliSir-WATIiR POLYP, IlYDUA 
MAGNIPAPILL ITA, N* SP. FROM JAPAN 

Rv 

Takko In) 

InAtituU, 'J'dhoku l!)ih'rrslhf, St'V/ini, Jd p(U* 

(With 3 Tc^xt -figures) 

K<^cetve«l jiinc 15, 194^') 

In Juno of f943» tho writer collected some individuals of fresh-water 
polyp from the rnoats in Matsue, Shimanc Prefecture^ and also in Au- 
gust of the sam(‘ yi'ar, from I'omlx^tsu-nunia, Hokkakhe Those specimnns 
produced Uie sexual organs some tjmc after they woic cultured. Of those 
spocimens tlie gona<ls and embryonic thecae were cjuite jx*culiar difk'ring 
from tlios(‘ of the [)reV'iousIy known species from Japan. 

Lately, a great numlx?r of specimens were obtained from IMiyato- 
shima, Miyagi Prefectuns being found fairly a!>undantly in the small 
reservoirs and rice-helds, in June of 1944. These have showed both of 
the sexual and asexual reproductions occurring simultaneously, an<l th(‘ 
other characteri.stics sliown by tlie same were entirely identical with thos<‘ 
of the materials taken from the above-mentioned two localities. It came 
to light that tlu*s^‘ animals which came from Matsuo, d'ombotsu-numa 
and Miyato-siu'ma ar<* of tlie same species, which sr^ems to new to 
science 

The [)nv-,rnt paptu deals with this new species, named Hydra mac/ni’- 
papil/n^a <»n account tlu* very large nipple-shaped structure found in 
e>ach of the testes. 

I'lie writ(‘.r wishes to express his hearty thanks to Prof. Dr. Sanji 
Hozawa for his constant guidance. 

Hydra magrdpapiUala, n. sp. ^ 

(hJwmn : C.omparatively large, lOi/mm. long^ m fully extended 
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attitude, but rather small in size when f^rown in some slightly salty 
Ijabitats. It is cylindrical in form, without any dittofentiation into a 
stout body and a slender stalk. 

Tcfiia/^les : Very long, usually 3^5 and sometimes 6 times as long as 


column ; higlily deli- 
caU‘ having ctnnpact 
nematocyst clusters ; 
5 ~ 8 , usually 5 
in niunl><^r. 

Colour : lag 111 
brovvm in general, but 
sometimes dark- or 
blackish brown from 
the engorged food ; 
gnx'nish brc>wn and 
green from the sym- 
biotic algae. 

•Vcrnaioe^i/Hty : Al- 
ways of four tyjx^s : 

a) Penetrants : 9.0 
19.5 long, 6.5-16.5 /i 
wide, broadly jx^ar- 
shat>cd, slightly poin- 
ted at round pole. 

b) Streptoline gluti- 

nants ; 10.0-13,0 //, 

mostly 12/^ in length, 
4 .o* 0 .o p wide^ elon- 
gated ova 1-shaped, 
pointed at one end, or 
ratlicr sole-Bhad>ed in 
longitudinal section ; 



'roxt-%. I. Ilyrh'n rmufi'l papiUa^iu n. bp., 
in life. ;i, Suspended and 1., iishing attitude^, 
when fully extended, c, .Strongly contracted 
«tatc. ( 
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the thread occupying- the upper half of the capsule coiled transversely 
about four times, and represents strong light refraction, while the 
remaining lower half is entangl<Hl. 

c) Stereoline glutinants ; 7.5-10.0/^ mostly 9/' in length, 5 5 4-5 /^ 

wide, narrowly oval-sha)X‘d. 

d) Volvents : 7^0-g.0 mostly 8/^ in lengtli, 5. 0-6, 0 wide, pyriforry. 



a b c d e 

Tejft-(j^. 2 Ncmatoj “f Ifyd * nta</ni papiffalny n. sp. 

Penetrant. I*, t, Stropt^>lIne ^Uutinanttt. (In the t ase of c, onnttecl 
the tlv ca<1). d, StenjolUiC glutinant, e, Volvent. ( a\^cxx)). 

Thr paff^'rn of h’nfdclc forni.fftlon iv. (rud^ : They arc not produced 
simultaneously ; tlie first two tentacles arise* in pair at the position of 
figures 4 and 8 o’clock ; tlw next thnx^ arise simultaneously at 2, lO 
and 6, but sometimes the former two slightly faster than the latter one 
or in the reverse C)rder of it ; the last one at 12 ; in the individuals 
provided with seven or eight t<‘ntacles it occurs at i or ii. 

Srxiui/ rrprofJvrtiov : Ib’oeciotis; hitherto it was found in spring and 
summer in tlie field, frequently in company with budding, 
a) 1 estes ; J.arge, conical or doine-sha()ed> each b<*ing provided with a 
very large nipple at aj>ex when it is mature. They are produced several 
to ten in number on each individual* occurring separately n6t forming 
any continuous long and low ridge, and being found in tlK; region lying 
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it tin* tip ; 
ruK', cind 


brtufM'ti tlir ]))"j>()^U'nu(' and l:»ud<iin^.j /our. 

!)) (>iarie^ and ('pp.>' ; i~4 in numbin' on rach individual, j^rovvinp in 

lh(' arva situatrd ratlua than Iht* !>udd!n[,^ zona. 

) i’uiil.u yonir thrcar , 

Sphariual, 01 , 45 - 0 .d )0 mm iony 
In diamrt('r, witit man)' i^>ny 
sj.Mrirs div'idrd into fi<)m two 
To o".rral hianchrs 
thrii outrr aurfaca' 
witli miK<'ua mrnibr 
llir rmlirv'o, arr alta<'li(‘d tf> tin* 
body o( tli<' ]iar(*nl i’oi snmr 
tiinr t'Vrn atb-r tlir I'ormalion 
of throar* 

Ilirltilaf: Kvsi^rvoiro, iIm*- 

liolds, inoat.s and niarslirs, pr. >- 
uung attam'ird to ihr u-abu*- 
[ilaats and to otiu'i subnieriu'd 
substancrs. Individuals mduo 
th(‘ rathor low plf and Iho 
shylitly salt-Hionlaininp medi- 
um, and show' pi'etty stronr' 
positive [)liototaxi.s 

Tuj}r lora/lf]( : Tin* small 
le.stn'voir at Miyato-shima, iMi- 
yayi Ibefecture. 



Si'vua’ i [\i,l 

pipUfala, ru sj). . 1 , M >.lo, with 
jualuitffl lc‘strs. h, I'h nolc, \\jth two 
lhof.a u. a vj'.r 1 li;\I oishisn icJtor 

I fic fall rt cttihi‘v''i aiil Oso i irl^- n 

simultanrfusly. ’I'licraU d «in'.r>'>. cl, 

Matured holis, walli Iar|,;^t iii{){)V'. e, 

Oltl'S rac tc*d. (a, h, d critacdf' oniitte(l\ 
(a, l>, x8; r, > Ho; d, e, ^ t-o , 


(Mher loc/tlifics : The moats 
in Matsuo, Shimano rrofecture ; Tombotsu-rmma, Hokkaido. 

Tit^rmrhi : 'i'his new sixTcios clostily resembles ///yr/ra /ii/orali.s Human, 

ff. 

but apparently differs from it in the foncfth of tentacle.s, in the pattern 
of tentacle formation in buds, t'n tlie size t>f nematucysts, in the 
mode of development of testc-s and lastly in the hal>{lat. //. 
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is found in thi> moving or flowing water as its .sjx>c?fic name indicate.^ 
while the present spiM^ies is alway’^ found in stagnant water. The present 
species also differs from Lfylro n//V;an.s -AS in the length of tentacles, 
form of streptoline glotinants, sliaj^ of testes and in the sexuality. 
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(With 4 TcNt-figurei») 

/ 

(Received June 20, 1946) 

III tile autuiTxn of 1942» in «t small pond of the Biological Institute, 

I found some f>[XK:iinens of a frash-watcr .polyp clost^ly allied to Pehiudo- 
hydra oligadh (Pallas). In the August of 1943, some living specimens 
of the same features as those above-tnentionod, collected by Mr. M. 

Kuwabara, in Sapporo. Hokkaido and were' sent to tH? prestmt writer 
by his courtesy. During tln‘ season covering July and August of 1944, 
a large number of individuals of the same kind of fresh-vvatcr polyp 
were also collected from th(‘ stream near Shimekiri-numa and from t]\c 
spring of Vokoyama-Fikldson, Miyagi Prefecture Further more, in late, 
autumn of the sam<» year, a numbiX of tlie localities of this kind of 
animal were added by the suhscsjuenl collections tried in Kogawara- 
numa, Aomori IVefecture and in the marslies near Oiwake. Akita Pre-* 
fecture. 

^ Tiicsc‘ materials obtained from the above-^irKMitioned localiticrs were, 
partly fixed, and the remaining part was cultured long time contiau- 
oasly in order to observe tlie life history ami the mode of sexual re- 
production. Thas at present I have made clear tlic specific characteri.stlcs * 
in detail excepting the structure of embryonic theca. 

In the present paper I should like to give the description of this 
fresh-water polyp wluch seems to be new to science.’ 

It is my pleasant duty to express my hearty thanks to Profi Dr. 
S. HdZAvvA who has kindly guided me. Thanks are also due to Mr. 
M. KuwabaRA for his kindness expressed to me in giving precious s{)oci- 
mens. 


II 
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]*i I i\ SniL'L/M^ 


pi ! fiiifinJiijdrit n. .sp. 


f^nhi.fiui : Wry 
hcin/ i(J-20 Diin., usually 
15 mm. in k-neth. wlusi uv*-* 
usumhI in healthy aix! iuUy 
^^tn.'t-chgd stat(* in liir, but 
3-5 mm. IuulC when ron- 
Iractiel; t^'pieaily briny dif- 
frruntialrd into stout body 
and s](*ndrr stall: from inor- 
pholoyicsil and pliysi'sloy i- 
cal points of vi(*us ft pir- 
s\‘nts ratiirr an (dunyalrd 
win(’-y]a.ss“s]ia[)('. tlir stalk, 
ytmorally i '3 - 2 '3 of the 
column in Irnyth. 

*r , 

( olonr : Clear brown, 
f)Ut sornotiin<-s dark-, oran- 
ge- and is'ddisli !)i'o\vn 
hiding effected eh her l)y the 
food or ni(‘diuni o{ habitat, 
and sometimes it looks 
yo'cen from tin' s)'mbi<jlic 
algao; the body region is 
aly^^ays * tinged and th'* 
stalk region is ]ei]e and 
fairly transparent. 

TnUm/es : d'ypically 

long, v<‘ry delicah*, 2-4 



I. i’linKiJahprii n. 

in life.. A, t» led and iJ, erf^.t 

*ai.1utlCH whcfi iully exttfndcd. O., 

Slrun-^ly corJlfa^ led <' X 
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tiinrs as as column, bur tin* virtual arc rather longer tlian 

ll^os<> of ]hj(h'<J ifK/guijxfpilfdfd, in cxt*‘ntl(‘(l stale it is of nearly same atti- 
tude as the ]<itter ; tliey arc 4- lO in number, showini; considerable varia- 
tion by the locality and season, c. commonly 7~S in tlie cas4‘ those 
{:oown in the stream Tiear Shim(‘kiri-numa, while tliey an* 5 "^^^ those 

wliich cam(‘ from otlier 1- auilit i(‘s^ 

Nctnofixy/.^fs : I )i\'ided j'nto f(var tyjx's : 

A) henetrants ; Ivatlsu' small, ‘dio\\ iTio .som<,‘wliat narrower \'ariation 

> 

in size than Other sjK'cie*,, ce()-[4.0/' lon]^, almost as lon^ as tlie strej)to]ine 
olutinants, and b.C)--! nid(‘ ; broafllv^ j>ear-sha|X‘ri, but are nion* slimmer 
tlian tliose < -f If. pm'Vif. 



A B C D E F 


Ncmat'H ytSs ^ f / V' v,-'S',Ayv/' -j n sji 

A, VcT)C!;,u)t. 1/ ;m 1 <, Si r<'ja- )'itie ’0'" ’orUs. j-i i\ the throi,] 

I f 3, Stf It o.’iui. jdiitin.uit. r, ]', Vn]vt'r;l-'. ;c>j<C;, 

.» 

I*i ' ^tre])iolia(' fjutinants : o 5 1 A o //. mcoily a>>out ic).? A tn k'UiAb and 
£;-4,0// wi<te ; cylindrical or (sonoated kidney-s]]a|>ed, somewliat pointed 
.d one end , willi the t'hread sliowinj:^ some nunrber nf lonio'tudinal coils, ■ 
C) StereoIin(‘ yliitinants ; 7.0 9.0 n lonj^ and :;o -4.("/// w id(‘ ; narrowly 

oval-sliajHHl bciin,* pointed at one eixfk 

O) Volvents ; jiyrifoim; 5.0 7. 0// jon^ and 3.5-S.5// wid(\ 

77 a' ptrfh i'n of U 'nia^] fnruuKfht)] in : d taitacles apjxaar hi 

tlie particular order, shown in 'Jhxt-fi|4- 3. 'khe first twm are usualJ;^ 
much longer than tlio otliers, and tliest^ tentacles arisen from the younj^ 
buds show a remarkable discre|mncy in lenpth when they are coinpltdod. 
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Budf^ : Ruddin^T zone is located near the boundary line drawn 
beUveen the body and stalk; usually i~5 but sometimes 8 of the buds 
occur in each individual at the same time* 

Sex^ifd reprodudhn: Strictly dioecious; t\vi (gonads are seen always 
in the body region, but never In the stalk and they are developed either 
in early winter or in spring in nature; the male or female cions are 
produced frequently by vigorous asexual reproduction in various habitats. 
A) Testes : Large, rather conical 
in form, but appearing somewhat 
pyriform in contracted state. Tlwre 
is found a conspicuous nipple at the 
tip of each U^stis when it is mature, 
as in the case of JT nuujnijxfpill^da 
and. is tinged with yellowisli whiUi ; 
from several to 1$ of these are deve- 
lojx'd in on(’ individual ; the mature 
males are rather slender in form and 
are of the* pale tint. And the differ- 
entiation into body and stalk txjcomes 
almost indistinct and tlius the tenta- 
cles also become' very sliort in length. 

H) Ovaries and eggs: The process 
of development is almost similar to 
that of If m(ujnipa.pill(rta ; s<yveral 
numtH'.r or nearly so arising in each 
female. 

C) Lmbryonic thecae : The eggs 
are frequently produced from the female cions, but hitherto they were 
seen always collapsed and not fertilized by tl^ sperm owing to the fact 
that tfic maturity of the male cions not being attained yet at that time. 

Thus to my regret the embryonic thecae liave not been seen yet of thi.s 

/ 

species. 






tentacle formation in 
(A to J), developing btaK'i.^s; 
a*r, developing tentaclcb). 
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A I'fcw PelmatohyflrU from 


JlabUai : Pontls, marshes, reservoirs and spring, and numerous in- 
dividuals were also found in the stream of slow current; animals are 

found attached to the submerg- 
ed parts of some watc^r-plants 
and of other objects, showing 
fairly ’ strong positive photo- 
taxis. They are found alive 
in quite healthy condition 
throughout thie winter seavson, 
differing from other species. ^ 
Type locality .* d'hc spring 
of Yokoyama-l'uddspn, Miyagi 
Prefecture. 

OUm' loedliiifs : pond 

of I he Biological TnstituU?, Sen-^'^ 
dai ; a stream near Shimekiri- 
numa, Miyagi Prefecture; Ko- 
gawara-numa, Aomori Prefec- 
ture ; some marshes near Oi wa- 
ke, Akita Prefecture ; a pond in 
Sapporo, Hokkaido. 

l\et}inrks ; This new sjxicics 
closely res^nubles Pehmiiohydra 
oUgaeil^ (Pam As), <lescrilx?d 
froiT^ h'.ufojxj and America, 
in most of the characteristics, 
differing only in tlK' shape of 



Tcxt"fig. 4. Sexual inUividunls in 
life. A, Mature nmle wit)» many testes, 
h and C, Females s\itU several ovaries 
and protruded cj;gs. ^(Tentacles omitted). 
D, Khlargfd testis willi well tlcveloped 
nipple. E, Ditto, ct:>ntractcd. (A, XJ \ 
1 > and C, X 6 ; D and K, x 70). 


te.stcs and in some nunuh^ featu- 
res. Namely, tlie testes occur rather small in number and each is provided 
^ith a particularly large nipple, while in the case of oUejiuiis tloey 
are entirely devoid of the nipple and occur very numerously. The 
problem as regards the structure of embryonic thoca which eaems to be 
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necessary for the .-xact ideiitificalit.n should b<' left until we uhtain suitable 
rnaton’als. 


TJi l.KATUKK 

ANNANibUd, N. IgoS ( )]>scrvdtit>n on sjkm tnn^ns o( Hydiii jrtnn 'TiIhO, witti notes on llie 
dtsrriptiori oi the ^-nus in Asia. Ref Indi.in MustMiin, 2 ^ ^ '.U.v 

BianKli, A. i(>o8 l>ic lUru^nimng und rnlerarfuidun^^ dtr Ilydra-Arten /ool. Anz., 33 - 

'K\^ U.D, A. J^r.S i Kntladuni:; nnd du- Knt wk V lunj.^ dcr Nessclkapyeln 

von JfvdnT uud yif^t m-ihti n-arte^i . Verb, iv,it mod. \tr. ! rmdrl i 13 : 

(ioi'.d'sf II, ^V. 1021 ('<riitu' lliin / 1.’ uo /.ooi. An/, 53 - .S 7 

rUsi, A. li>f>o A)er tlie d-*utst Iko. .Oiissw,isser-Polyi)cn Jf',’<lr.t 1-, Hydra nH rn I. 

und Hud, a .iridh< R Art h. {. KaSsen und ( icsclis'd 4 ^^ Idol,, 0: 744 74*’ 

ilVMAN, Fj II '{^l^ onor.iK siudi<-s on tlic hvdras of North AiiKriia. 11- Me 

characters ot I'dinniahudui odyurfl. l^Al,l.\.s)t d rans. Amor. Mitr. Sue,, 49 

I9JI l\'. I tcscTiption nt' three new ‘spi eit.^s with a key to t!ie known species. 

llO T. T <);7 On a new sjieOes ol fresh water pnlyp from Japan. S/i, Rep, R'hoku Rmv., 

Sir 4 , 18; I 5 , 

. A lit w ffts!i-w .ater polyj), Hydra mayni ^npiUnfa, n. si^ from japan- ftdiJ., 18 - 

f )-10 

Kuvv.vnU’.A, M. 104 ; Three spiMes of lly<lra from (apan a)>d some notes on the tulturc. 

1 I . All fapanese^'. .,i>hok uhutsu oyobi })<)hutsu, . 470 ~ 4 ^^‘ 

Si lltH.zi, Ih loU Rcstirnnuiri};stattrlje der deutsclicn Hydra*Arten. Sil/unf^sle <ies. naturf. 
I'reumle, ftcrlin, 1914: 

1^27 /,ur Kcnntnis imd f^mo^raphis.hen Verhreitun^ der Susswasser[K)lvi>en. Zool, 

^ An:. 74 : i;,>-R34- 



S<'ir.'N(:K Ri'ii'ORTs of 'rm-: T6 iu)KIT Ui«}iVi‘:muTV, 4T11 Si:tl 

(Rioixxjv), V^')h. XVIII, No. I, i<>47. 

TWO Niiw si’i<:cuis OF FRiiSH vvatf:r 
POLYP FROM JAPAN 

it\ 

rAKl'O Iro 

Vohiik'ii I ^nt iri'Hffy, Si'iulw, Japan 

(With 5 U xFfi^;urcs) 

( Receive |uly 2, 104 ^L 

hi 1942-1944, SOUK' fn'sh-walor polyps which s<^cii9 to fx^ very coin* 
laon in Ja[)an were collecl<Al from widely separated IocaIili(\s. Some c>f 
th(‘.s(' sjx^ciinens were ctilture(l in l^dioratory for a prolonj^ed time and 
have bw'ti olDserved by the writer, and these polyps were identified as 
b(don|jjin{^ to a distinct spinries new to science. 

J 3 efore procei'dinj:^ furtiter, tlie writer !x‘|ys to express here liis deep 
gratitude to Prof. Dr. S nf>ZA\VA foi iu'lf) rendiMt'd Jiim. 

Hydra j(fjj<nd(<f, II. sp. 

iadunai : Modt^rate in siz«‘, In'ing in lengtli, when tally 

t!xtended in healthy condition. Howev<*r, tlKwsize of column shows vari- 
ation to a certain degret* influenced by some environmental factors such 
as nutrition, nature of medium, anil by^ tlie attachment of ealgae, etc. 

It is almost cylindrical in shajie, witliout fK?ing differentiated into a stout 
body and a slender stalh. 

(hhyur : Usua 11}/ straw-colour or ligjit brown, but sometimes dark- 
ihh-,* greenish-, reddish- and palish brown, and rarely it looks clear green 
being attached by the’^tninute green algae. 

Tadnph^s: Rather longer than column, being 1.5 2.5 liuKis as long 
as column in general ; in extended appearance it is not so delicate as 
in H. imgwpapdli^a ; 4-9, generally 5 6 in number, and they some- 

times are bi- or trifurcated at tlie tip. 
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■ Bach: Usually 1-3. soiwtlnu^s 5 of buds arise in each individual 
at the same rime and they occur in rather difinite order. 

' Tin pifHt'm of Jiintutiinii in 



hiids : It ivsoinbles clo.^^ly that of If- 
pdpilhiUi . 

N*’t<i<if(Hdisis: Animals are {)rovi(Ied 
always with four ly[x's : 

A) iVnetrants: S-l6/^ lon^^ and 

6“I3/>^ wide; broadly jx*ar-sha^>ed, 
slifthtly pointed at the broader end. 

B) Streptoline fylutlnants : 10-12/^ 

long an<l 4 -* 5 /< wide ; eloni^ated oval- 
sliapetl, pointed at one end, with tlie 
thread wiiuling in the same manner 
as in tlie cas<; of Jf vnuinipapiWda. 

C) Stereoline glutinants : 6“8 long, 

and are almost as long as the volvents, 
and 3-4/^ wide; elongated ovaKshajxid, 
txM'ng poinU‘d at one end. 

D) Volvimts : 6-7/^ long and 4-5/^ 

wi<le ; pyriform. 

S< xi(‘<d rrprodmiioih : Dioecious in 
gem^ral ; the occurrence of gonads was 
obsi*rvcd in all seasons year round 
excfjpting the severe wa’nter time in 
nature, while it is able to lx‘ accelerated 


Tu^t-iij;:. I. Fully cxten<l<a artificial fluctuation of the 

attitude of If. jajtooiuu n, sp., from 

life. J^xs)- temperature and by the volume of 

foods given in laboratory. 

A) Testes: ' They occur usually several in number in each male, com*^ 
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Ivxl-.'u; - Tse!!', it -,th (>1 If. japoui CO, n. sj>. 

A, 1\ iiclrnril in* <liiM I i.r IJ, Sttrrpt')llne j’lutinant (', (I'rc tiiiic 
^lutiuaut. 1 >, \ 


mi'nily located in tfie part Iyin|.; betwcton 

JiypostoiTio, but sonictiuics b.-iiy^ found in ratluT 
lower part of tli(‘ sainr ; nu‘><Jt>rate in size ; 
conical in form and ia [)rovid<‘d with a nipple 
when mature, but the ni[)pl(‘ is niucd) smaller 
and mon* indistinct than in the case of ]f. 
vuignipapi i/afn . 

B) Ov'arios and : The ovaries occur 

generally in the region situated rather higher 
than the f)udding zone, but they ap|>ear rarely 
in the lower region of the sanic ; they'’ develop 
in thi^ same proc(\ss as in that of IL 
im^jnipapUhita. 

C) Kmbry'onic thecai* ; Clear yellowish bro- 
wn ; splutrical in sliape, with many spines 
>>imilar to tlujsi' of If, 'in<t*ittfp(ipfflaUi ixi shape, 
but much shorter than the latter ; m. 0.5 mm. 
in diameti'f of tlic'cae and eu. 0.05 mm. in 
length of spines. 

Hahiifit : I'onds, uTarshes and lakes etc., 
namely thti animals inhabit in Uie various 
sorts of stagnant water t)iM‘ng attached to the 


tlK> fnirlding zone and 



'loxl-tlg. ScKuiil 

organs of £f. /dpfwra, n. isp , 
front life. A,^ with 

several testes (tentar.lcH 
oitiittcd). I-n'argiNl testia. 
C, Kularg^nl fm^ryonic theca. 
(A, X 8 ; 1 1 , X 70; C, X 60) . 
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water-plants such as sp. and utliers. Tlie number uf 

individuals in those habitats may be fluctuated remarkably by th.> foods, 
medium, tem)>erature and other environmental factors, and then th<'y aie 
diminished frequently in very short tim<- after th.' vigorous inrivaslnf;. 

l 7 ^//pe pond nt^a r S<‘iidai, IMiyaij^i I lef, 

<Hli.iT I.ake Ikeda, Kagoshima i’ref. ; several small i>ond.s^ 

neaij Arao, Kumamoto I'ref. ; a small pond in Saqa, Saya I’ref. ; two 
small marshes near h'ukuoka, h'ukuoka I’ref, ; a re.servoir near Nakatsu, 
dita I’ref.; T.ake Itiwa, .Shiya I’ref,; o-veral ponds and marshes n.-ar 
Sendai and Shioyama, Miyayi I’ref.; I.ake Onuma, and a .small pond 
in Sapporo, Hokkaido. 

]\cm(<rh'< Some zoolopdsts in Japan have iretiuently confused the 
prewnt new ,s]K,‘cies witli If. or If of Kuroin’, hith- 

<‘rto. This new sjx'cies is closrdy allied to If. e/'iff/ee/u/o lIvMAN, but the 
former differ.s from the latter in the follow int; characters: i) the form 

of column ; 2) the pattern of tentacle formation in buds; p) the length of 
oliltinants and volvonis ; 4) the size and shape of testes. It riiffers from 
H. (dUmurtu 1‘aIXA.s, in the shape of .streiholine pdutinants, in the siae 
of nematocysts and in the pattern of tentacle formation in Imd.s, and also 
(iiffers from If. I n'), in the length of tentacles, in the form 

of to.stc's ami in the lengtli of spines of eutbryonic thecae. 


(ll.t 

Many spc'cimons of a fresh-water pf’Iyp were found in some iiiaishes 
ami pomls near S.mdai and Rifu, Miyagi iTef.. and alst) in the moats 
of Suma-castle, Fukushima I’ref,, in autumn and in i;arly winter in 1942 
and 194 V H^t first, they were considered to be identical with If. ji’jx’uim 
mentioned abov(*, from the clo.se rc.semblance in tju* geneial apjKsirance 
and in the embryonic thecae. .Hut the examination oi nematocysts in 
detail and the observation <jf testes have proved that this -fresh-water 
polyp be!ong.s to a distinct sjiecies new to .science. 
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ILldtn piiladiroht, n. sp. ^ 

(\ih<iini- KatluT IatL;(‘, X-'i/nini. in lon}.;lh, \vIk‘Ii fully stretched 
in lile ; I'lypivstonie apj^^ears poipaally fia 4 ^‘nt'rl conical in shap* ; alniost 
cylindrical in hnaiu heinp^ not diO<M‘entiaU‘d into a" stout body and a 
sierfder stall:. 

( '(dour ■ It irs(MnIjk‘s closi'ly that of 1 f. jajuht'h'a.. 

. .Somew hat lon^t^r than column, and usually sliorter tlian 
tiuK'^; of th(‘ latter ; wlicn fully extiunUa] it pres<uits rather 

mort‘ (Sect ^datuN tlian //. ynyx'/^/V/r ; 5 usually 6 or y in .numlx^r. 


0 

A BCD 

r* xt-ti},;;, 4 . T'"(^ur typi'S of nrmatoc ysts of //. < o'<i, )j. sp. 

( rhrciifi omitted L A, I'riuarant. F;, Strt ptoHnc ^lutioaiU. 

C, Stercolinc ^dutinajit. 1), Volv^’nt, ( ■ . 

Ihuh : Usually 1-4 in number Iwinf; produced in (sich individual 
simultaneously; the buddiiip zone is located in about one-tliiid of tlie 
column len^yth from the pxial disc, 

Thv jjdtfi'rfi, imJftric ni hmU It i.s the same as tliat of 

Jf, Jaj}<fiU('(i, 

Ninufloi'if^ts ; -^Always of four ty[x^s ; and the .shajx^ and tliread 
present about the similar form and coilin^^ as that of 1L j(tj^K>itir(r, 

A) Penetrants: 9.0- 17.0 /f Ion<; and' 7.0-13.5 wide. 

B) Streptoltnc* ^lutinants : H-S- ppS/^ and 4. 5-5.5 wide rather 

larg^or than that of If. japimrm. 
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C) Stereob'ne ^lutinaiits : S. $-(),$ /* and 4-0 4 - 5 wide, they arc 

about .the iiitenucfliate in len^tli betwtH'n streptoline glutinants ajid 
volventii. 

D) Volvents : b.5-7,5 lonjsf and 4 5 “ 5 - 5 /' wide. 

rcpn>(lu*ii()n I)i(jcci(>us, it has Ixsmi obsc'rved liiUierto in !ati‘ 
autumn in nature, occurring soinetini(‘S to'^ether with ns^'xual reproduction 
in the samr^ individual. 

^ ' A) Te.stes : Q*n(^ral- 

ly frorti s('veral to ten 
I in nundx'T in each 

! male, lx;ing usually 

I dcvadojx'd on the body 

wall betuocn the hy- 

( 

/ postome and budding 

/' zone ; moderate in si*' 

ze ; conical in form, 
w'ith a large, but ra** 
thcr obscure nipple 
when they reached to 
the maturity. 

It) Ovaries and eggs: 
1-3 of eggs are pro- 
duced in eacJi female 
in g('n(*.raL^ 

C) Krnbryonic thee- 
.sc.xoai inaiwauais of if. - ^0 ; Oran-c brown ; 

n. np,, from liic. A, Male with several testes (tcotaclcs 

(T;iiiUc<l I y>i iiiiiargetl testis. Female with two Spherical in shajK', CO- 

,hec..u;d c,ui,rv,,>. (A,xf; B,x70-. C,x 3). vered withspino.s.sainn 

as tIios(' of If japmm ; thcK;ae are 0.45-0.55 mm. in diametef and spines 
arc 0.t>45-0.055 mm. in length. 

JTabilof Marshes, ponds and moats; they were found frequently 
from some marshes and other stagnant waters with muddy bottom. 
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Till k: : Two innrshes' naar Rifu, Vref, 

Ofher liicolilhH: S('voraI marshfs and pond^s noar Sondai, Miyagi 
IVef. ; the nioats^ of Nakamura, Fukushtina Tn*f. 

Ixi'niarlk This now spoci(vs sSiY*nis to bo very closoly reiated to H. 
jdjknurd, hut tlio followin^f cliaractori.stics of If. palmVivoId will easily 
distin^jisli this sjK^cios from }{. jiiyyirmat. h'irst, tlie storoolinc glutinants 
have a intormodiah^ loigdli hotw'ooa stn-ptoliue glutinants and volvents, 
and ar(‘ relatively larger lliaa tlioso of If. JiijMinlrd together with 
streptolinc glutinants. Six'ondaly, the testes havc^ a thick nippje when 
maturg, and theft hi the wdiole prosf'iit a higluT and larger conical form 
than that of If. 


IdTKKATURK 

(ioioseff, W. iy27 Die Gesi liIochtsvcrfiiilrniHsc der sSiisswasserO fydroi<len und ifire experi* 
mentollc l:icemflus^ung. Arrh. f. Kntw’nndi , Hf ; ly 
Hvman, L. fl. 1^31 Taxonomic stwrlics on the* hy<lras ot Norih America. HI. Kedisrovery 
of Jlyiira cnr^h'.a I.. AijA'^Niz (1S50) with desenption of its characters. Trans. 
Ainer. Micr. Soc., 50: 20- J9. ^ 

I93S V. Description of Hydra (cudiadata, n. sp., witli notes on other species, et>|3ecially 
Hiftlra (iftoralir. Amer. Mas. Nat. Hist., N. V, 1003: 1-9. 

JOHN.s^roN, fh 1S38 A history of the Britisti roophyt^. k)] ^7. fvJinl)iir^!i. 

I'r5, T.^ *947- A new fresh-water j)olyp, 7/ yfioi r'la n. sp. from fajian. Sci. Hep., 
lAhoku Univ., Scr. 4, 10: (>-10. 

KewApAtu, M. 1936 Ikntr.lfiC /ur Kenntnis dor Se.xuali iftt von Siibhwas.scr-llydroiden. I. 

Die scxucllen Krvsson von Hydra adcnv<i/a. four, I'ac. S(7. Jfokkaidd Imp, Univ*, 
Ser, 6, 5- 95 ~fff- 

• 1943 Three sjHxdeH of Jlydra from jap.an and some notes on the lultivation. I In 

Japanese). S!;okuf)Utsu oyohi DOhutsu, H : 477 480. 

S< 111)1, ;'j;. r. 1914 lk-stimmuii^!>talA.‘lJe dcr dcutsefien 1 lydra- Ai fen. Sit^un^h. ( Ts, riaturf. 
]’Tcun<le Ik-rJin, 1914 : 395-39^^' 

- 1922 Der Bau anti die Kntladnn^ rler renotranten \on If (fill'd uft^'nuafa pALlos, Arch. 
f. Zcllforsch., 16: 

1927 Zur Kenntnis un<f ^eograpfiischen V'erhreitum; der Sib3v\?asserpolypen, Zoo). 

Jfnz., 74 • f -9 ‘ f4^’ 

Stoctk, n. A. I92S Analyse der Bedin^unj’en fiir Knospung und SexualitiU l>ei Hydro, 
ai^utUa 1 'aiT. Biol. Centralhh, 48: 273'-302. 

Toid‘K, (), lyio Bou und Funktion der Nv‘bselkapra:.dn. Zool. jahrh., Aid. Anal., 29: X9i>-a8o. 



Slir.Mi: Rtiitmi'M of thi; T6itOKC I’nivkrsitv, 4TU Sku. 
(litoUHiv), Vor.. XVrn, No, 1, i<) 47 . 


THE LARVA AND I’OSTLARVAL UL:VEL0PMENT 
OL' SOiML: I'lEEF-Rl'ILDlNG CORALS. 1. 

POC TJ.LOPOUA JJAMJCOUNJS 
a ESPITOSA (DANA) 

Lv 


Kknji A roLiA 

liiiiliufnxd 'i'Amku l/nhrr'^ityy St^ulai , ,Uip(in. 

(With six Toxl-hjjures) 

(L’cccivcd luly IF, I94^») 


INTRODUCTION 

The investigations niadu on the larx'ae aiul postlarval development 
'cf the Ma.lreporaria are co.nparativcly few. As for the corals which 
l^elong to the genus P«cill<>i>»r(t, although there arc some data given 
» by' .st*vcral authors (Isomonuson. '29; S-n-RiiKNSCiN, ’31 ; Hana, ’32; 
KawagUTI, ’41), but the helijtviors and developmental proccs.scs of the 
larvae and also of young polyps arc not yet known in full details. 

In the present paper will be given the results of some works made 
exjneerning to such subjects as given above The following observations 
had been carried on at the Talao Tropical Uiological Station in the 
Palao Islands of the former mandated South Sea Islands of l.ipaa 

during my stay from 193H to 194a. 

before going further I wish to acknowledge my indebtedness to 
the Japan Society for the Promotion of Scientific Reseach which by 
hnalicial aid ha.s" rendered it po.ssibic for me to carry out the present 
investigations. lo Tvmcr, Prof. Dr. SiiiNKiSlu Haiai. tin fi rm 
director of the station given above, I am indebted for Ids kind directum 
throughout the work. P'urthcr I wi.sh to express my .sincere thanks to 
Prof. Dr. Sanji IIozawa of the Idhoku Imperial Univer.sity for hi.s 

cordial guidance after I left the station. 
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I. MA'II'RIA], 

I^ifcilhpora <Iamlciynu\^- ccsjjlfo.sa iDana' is one of the compound or 
colonial rccf-buildin[^ corals and is widely distrihat( d in the fringing;; 
reefs whicli arc dev^clopcd around m.iny stiiall islands in the Iwayama 
[hsy oi tlxe I'alao lagoon. It is comiu<uiIy founiJ also at the outer 
margin of tlu' reef Hat in the !)ay. lie- colonic.s present a branching 
form consislin<| of very small <'ora Hites. i'lie f:olouratioii ot tlie .soft 
[)art duiiig; life is greenisl> brown, while the blunt tips of i ac]i hranchlct 
are usually j)ale and more or l('ss reddisle H'he [)oIyp> ol the corals 
t:xtcnd their lenlaclt s during daytime as uas observ\“d on S(Vcral other 
sjK'cics fidiiaaii, ’35; S naan- ns- e\, ’4c*. ivAWACin i, ’40) ar^d when 
the ttmtacles an‘ fully leiigthem d, llr jatl\cr green in hue. 

In geru'ral it is \ery ditlicult to obtain iho larvae of the most 
species of MadrciKwa n'a . Indec-d, I <s»uM gain the larvat>of only ten 
species or so from the t>ay in spite of all elVoiis to collect tiiem for a 
long pt'riod cxtcaiding ovau' about four \aai-, wliile h’(;ta i{i ('38) had 
already discovered over one hundrtrd <»r .specf('. <.r corals fiY)m tiu- same 
bay. On the contrary tlie Larvae of present emal are obtaimal very 
easily every montli througdioul th<- vasir in a. <!Oinite period on wHtich 
I will describe later on. In additi<m <«• this. the\^ an^ of rather large 
size and arc well de\^eIo[)ed und' r tiu^ idMuat'uy < (uidilions, d hus 
they proved to be one of tiu: most i viali'-nt maUiiab foi' th(' studies 
on the coral larva and its dcvclopment.il ^At p^, 

11. OBSh.KVAJ K )\ 

All of the observations made <.)ii both of the free swimming and 
postlai'val stages were made in the* la!>oralor\'. l'(n- the purpose of 
obtaining the larvae many colonic.s, about giams in vvtighb were 
placed near the window in glass vessels, eacli itaving 30 cm. of diameter 
and hight. Tlic vessel W'as fdlcd witli sea watci and were renewed 
once every-day. The temperatun of water ranged from 26\'. to 30"C* 
throughout the observation period. Under thesi. env ironmental condi- 



26 


K. ATODA 


T.MiLl j. Shov\iar; the period of extrusion of planuia extendir^j to jjj 

Podllopora dojidroniia (D^VJNA''. 
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Moon’s 

age 
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lions the corals were kept alive for several days and extruded a g^rcat 
number of well developed larvae, u.sually some Iiundrcds or more 
arising from one colony at a time. Each of the colonies was collected 
from different Ijabitats during high tide and fresh materials were 
vsnccessivciy brought to the observasionjj. 

J. TJhe larva or p{a.nula 
( 1 ) The Period oi^ Extrusion. 

The observation on the period of extrusion had been made for 
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twenty 'five niontl^s c>vcr four years and durin^^ the lapse 

of time the liberalu^n ol j.ilanula toolc place in twentydJiree months 
(Table l). As tliis result it may he confirmed that the planulae are 
extruded thrc)U^]ioiit tin- year as \va.s conjectured (ly TIaI)A 3^/ and 

Motmda (’3-^)- 

riicn, in order to determine tin* tim<' uh.en the jrlanulae are set 
fj'ce from thrsT parents, all tlie ohscrvadrlc period was divided into 
nearly eajua’ eii^lit dhisions acc(.)rdiny to the plrases of the moon. 
The first divisi(>n represents the- time o{ the nfav moon and the second 
is tlie intermediate ptaiod h(.“twi‘<'n t)u‘ first and third whicli corresponcis 
to the time of tire iirst (juarter, and so on. I he result is shown in 
Table 2 and in dext-tipurc 1, from which it will be known that 
the extrusion of jilanula took place in tlie first to third and besides in 
the seventli and eighth divisions, while it never occurred in the fourth 
to sixtl) divisions. Jri additiem to this, the well <leveIoped planulae 
were usually found in tire first three divisions, whereas those appeared 
in the '^ast two divisions were often wliitish in colour and of smaller 
size and se<am‘d to be premature ones spawned by some unnatural 
stimulus. As already mcntiornal some*' liundrcds or more of jrlanulac 
were usually liberated from their parent colony at 3 he same lime, but 
in some cases onl^’’ a lew' ol them were set free' from the colony <')f 


'j'AKLf; 2. Slr>wi I lif u'l.ition ln'twccn the extrusion ^'f [>laiiu!a ami the i)luO' « of 
the moon ill rocilfapiUHi ccupih^m (TtASA). 
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nearly ccjual wrij^ht. These cases wcr<* recorded as negative in the 
taJ)Ic. Fr<rm tliese results it may !)c ascertained that the planulation 


takei^ place every inonth 
tliroLip-hout the year ac- 
cord in p; to tlu‘ niexm's a^^e, 
that is, it is n-puiaily 
comnu'nced l)er<)rc tlie time 
of the new moon and 
becomes^ mr)st active' at 


c 

o 

n 

X 

D 





^ ^ o c 



tlic time of the new moon 
or thereabout lastinp^ it 
for about « week. When 


'rexCfitJ. 1. Sh»uii );4 tlu‘ cxtrusi<)!» of 
planviln in plu c of tlio moon in 

f'ltrillnpo, a liarnf <'nr>it\ ''tvpbosa 


it come's to the time of the first cjuarter, tlie extrusion is finished and 
never occur next for about ten days including’ the time of the full 
moon. In this way tlu* planulati<.)n of tlie jin^sent coral sliows tlie 
lunar ^x^riodicity as in the case' of Fn.n(ji<i (Am:, ’37). 


(2) Thk Fxtkknal Fkaturks 

'Die [ilanula is capable of ciiaiiRing its body in various forms. 
When contracted rapidly, it becomes .sphcTical and when expanded, it 
presents jx‘ar slia[H.\ 'The loru^itudinal axis nusisures itbout 2.0 mm. in 
lengtl) and the br(;ade.st width of the transverse' axis is about '0.5 mm. 
in its elongated form, 'i'he colouration .of !>ody is brown due to the 
syifibicitic al^ae, viz., Zc’ioxantliellae, win’cli are usually found in a 
*.Rreat quantity <listributod all over the bo<ly. Sometinms the [>lanulac 
are very dark (ir \hry li^lit in liue in jjrojiortion to tlie (juantity cvf 
the alRae. So far as I know the planuiai' of <litrer(‘at sjx'cics of corals 
present tlu' similar colouration to that of resjx.'Ctive pamnt corals. This 
fact was also noticed on those of .Bahtnj>p]njJli(i sp. and Moniivpin'a 
(Ka 3 VA<JU' 1 ' 1 , ’44). 

An oral ajKirture has already been ojx^ned as was found in the 
case of SideivMrcfi larva (Duerdkn, ’02, *04^ havin^^ a narrow slit-like 
ap|K?arance. The body is covered uniformly with short cilia and its 
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activ^e ciliary movcinciit can bo ol>servecl under a microscojx^. IJie 
mesento:ri<‘S appear as dark striations cm thc! ciliated body surface^ but 
none of the tentacle's and skeletons is yet de\'elojx^d (Text-lig. 4 » 

The features of planula above mentioned are of the normal form. 
If the planula fails to attach itself udien it comes to settk down, it is 
shaped like a disc and both the tentacles and skeletons come to 
appear, rotating ceaselessly on a bottom of v^essek Such an abnormal 
form has already been observed on fiUKjilhs by IVlA\a)R (T 5 ^ 

and PoviUopovft by STKPllFXSfSN (’31). On the other hand it 

was reported by I^DMONdson (’29) that the' tentacles of larvae of 
Pofullnj^orn c/co/n‘(v//*/iss afid Ov/y>//os/ror ocefTnui apjx'ared during their 
swimming stages. 

Another deformity of planula is occasionally found, tliat is. two 
plahulac are fused together witfi their aboral extremities, while the other 
ones are frw. Consecjuently tlie planula is shaped like a fork, but 
swims actiyc'Iy like the normal one. I'he samci kind of deformity wa.s 
found in Suhraniraf rudian-'i (Duprdp'.N, ’04) and also in AerohcUn 
lurrn'HVi'ns (Kawaguti, ’41). . * ' 

(3) Tuk Internal Srat/cruRp:. 

As tln^ fixing reagent .s(i\'eral kinds of solution were attempteci, but 
in all cases the tissues of planulao considerably shrank. 1 used to 
employ Bonin’s Solution by wliich comparatively good s[)ccimens were 
obtained. d'he fixed materials were imbedde<i into a paralhn, cut into 
serial sections of 5/^ to 10/^ in thickness, .stained with Ifeidenhain's « 
iron haematoxylin and orange (j and also Dclafield's hacmatoxylin 
and eosin. 

The internal .structure of the pre.scnt larva, as is illustrated in 
Text-fig. 2, rather resembles that of SideraMrm larva which 1 )UKRI)RN 
(’02/04) obstnved in full details. In tlie ectodermal tissue two kinds of 
gland cells are found. I'hc larger one is present in a great quantity 
and some fine granules which are not affected by the haematoxylin are 
contained in it. Another slender gland cell is situated more or le^s 
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abundantly botweon the larger ones and is filled with granules which 
ar(' Mcll stained by the liaematoxylin. The nematocysts are very few 
and are of niucli larger size than the gland C(‘l]s. Tlie outer surface 
of ecto^lerm is ciliated. 

Tlie ectoderm oi tlu* ab<»ral region is thicki'ncd in particular, 
(‘sj-ieciaily in the aboral extn‘niily, forming a sfiecial lay(‘r. It consists 
of ner\^e h!)crs, supporting C4‘lls and numerous slender glanrl cells, while 
only a few r>f nematocysts are found, d'he stomodaeuni is developed to 
som<* <lf‘gnH^ and is c'[Kmed to the exterior through the oral aperture. 

A< 5 cording to Dui.kIjIin ('04), in th(' ectodermal tliickening of 
the fine nerve fib(M's (extend horizontally from the 
mesoderm and In^sides a few of tlie gland celts and the nematocysts 
are found, "J'he latter is present more or less abundantly. In Isophyllia 
cj>jmw 4 <i .sucli nervous lay(‘r as al^ovx' mentioned is strongly deveIof)ed 
and in Sidrra^trva r(t.d'ui)i.s it n*presents tlie nervous elements consisting 
of s(^nsory cells, supj)oitiiig ce.lls and a few cA gland cells. 

Tlie gastro-crxilomic cavity is not yet ditlereiitiated and the interior 
of body is occupied by a Ioo.se vacuolated tissue. The outer layer of 
entlodonnal tis.sue l,)ocoines s(.>mcwhat compact, in wliich a great number 
of large and s[)]ierical Zooxanthellae are found. I'hesc symbiotic algae 
are aggregated in particular around tin* oral a[K*rture, 

The ine.senU'ricJs are .strikingly d('ve]op(*d eveirTh such a free swimming 
stage. Those of six j)airs are arranged bilaterally about central 

plane including th(' longitudinal axis of oral aperture. Of the mesimteries 
four pairs reach tlie stomodaeum and unite to it, lypresenting the 
corn[)]ete rTie.sent(!ri(‘s, wliilc the other two pairs are set free from tlie 

stomodaeum, forming lire incoinpleh^ mesenteries, d'he former is so-called 
Ivlwardsian Tue.senteries. The aspect of me.senterial arrangement will 

be illustrated in IVxt-fig. 2 in whicli the Roman numerals denote the 

following nwsenteric pairs : 

I. The dorsal moiety of the ventro-laloral pair. 

II. Tlie dorsal moiety of the dorso-latcral pair. 

III. The ventral, ixisterior or sulcar directives. 
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IV. The dor.sal, anterior or sulcular directives. 

V. The V(>iitra] moic'fy of tlu' dnr.so-lateral pair. 

VI. 'rhe ventral nHM(*ty of tlj<‘ V(‘ntro-lateraI pair. 

Of all til.* mesent<*rieK 

th<„* pairs of di recti va*r- alone 
an* isocntanie and all of 
tii(* remain inp pairs are 
iinisocnemic ( 1 il-.N, 

' 02 ]. All of til. an h('ar 
the meseiitewal hlainents 
.ind those h'.(K\'a rdsia n 
are more sliomdy df'\a*Kij>“ 
ed. Jii tlie filaments a 
considerahle nuinht'r of 
^land Cf'Ils, nemalocysls 
and Zrioxanthelhu* are 
found ^dext-fi^y 2!. 

[ 4 ) diir 

Idle planula .swims 
actively with its a!>oral 
(‘xtremity din'cted ant(U- 
ifirly. Wdien ia‘pt in a 
olass v(*ssel, it swims 
rapidly near the surface 
of wat(‘r or d(‘scends to 
tile bottom, cxeapin^^ there. 
Sometimes it applies its oral or aboral extremity to tlie bott(;m and 
rotaUis it.s body like a top. Soon aft«‘r it leaves the bottom, ascends 
to the surface, turnin|^" into s[)herica! or Ivunisplierical in shape and floats 
on it. 

The movement of plajiula i> performed by rapid rotation of body 
about its longitudinal axis. Wdien s\ei,ns upward or downward, tlie 



'roxt-fig. 2 . Sh<>'.\ine. sUucturc 

of platiulrv of ViH-ilfo j.>(u\i fLufi ( n -ni 
(Dana). I’lic figure taken from 1 !\<* trnn:>vrr'.f 
54ectioti, io;j. lliick, vtairicl witli 1 leid'nliain’^ 
iron hacmatrtxvHrtsnnd orange <1. • m. no. 

I~VI, mesenteries; g. 0\o kimN n( gland rrdK ; 
m. f, mesenterial ril.iment ; n, noiutot V'U : c 
Zooxanthella. 
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pltinula describes some s[)ira! course and 

Taiu. 

. 1 : Si lowing 

the time 

• 

required i 

ti pasa through 

1 he dis- 

whoii advances in horizontal direction, it 

lame of 

JO cm. in the 

up' arid 

takes some wavy course (Ka* to a slight 

tl' ) n a r 1 

d juoveinetjt of 

planulae 


of rwiii. 

dantiro/'nis 

crHpifom 

inclination of body axis. i ln' dirt^cticjii 

( Dana -. 

(water temperature : 

of spired is left lianded or counter clockwisi' 

ZijoU'.) 



in Ike downward movement and is rigiit 

AiiitriAl 

t^pward i Down want 

handed or clockwise in the upw'ard nK>va*.- 


m'>veinent , movemr'nt 


N.\ 

i n s( L. i 

ri ‘icc . 

iiumt when observcnl from tlu* aboral sidi* 




of planula. Such a spiral mo\’em<*nt found 

1 

22.2 , 

15.4 


2 

2::.6 J 

16.6 

in the u[)W'ard inov(‘inenl was also obsiuveti 

3 

2'\^ 

17.2 

on tliat of Fiivia fnujvui (l>ai:Kl)FN, ’02^ 

4 

3J.0 

17.4 

PiiCiUopura Imllxmt (STKi*f IKNSON, ' 31 ^ anil 


32.2 ; 

17.6 

' 

6 

32.4 

18.6 

FiUKfin a(^lnhif(rn)us '^Anid ’ 37 ). 

1 

32,6 ' 

18.8 

'Ihen the velocity of the rnovcTnent 

8 ! 

33.0 

19.0 , 

was measured. Many plarmlae spawned" 

9 ' 

33.6 

19.2 


iO 1 

33.8 

19 0 

on tlie day were kej>! in a S([uare j^las.s 

} I 

35.0 

20.0 

vavssel, 14 X 7 X 7 cm., in wdiich tw'o 

]2 1 

33.0 i 

20.0 

parallel lines w('re drawn on eacli !)roader 

i 3 : 

35.4 

20.2 


14 

i 35.8 ; 

2 1 .0 

wall, 'rhe distajicc of twa> lines is 100 cm. 

13 i 

36.0 ■ 

^ 1.2 

and the iipjK‘r lines is situated at 12.5 cm. 

16 

! ^ 6,2 , 

21.6 

in height from the bottom. It was, th<‘n. 

17 i 

1 36 6 ‘ 

21.8 


IH ' 

?6 8 

22.0 

measured how it took to pa.ss through 

19 

37.0 

22.0 

this distance in both the up- and dowmwMrd 

20 

37.2 

23.0 

rnoverrient and tlie results wa^re as followas 

21 

36.0 

23.4 

(Tabic 3 ) : 

22 

38.2 

23,6 


23 

40.4 

23.6 

The velocity of movement varies in 

24 

41.2 

23,6 

proportion to the size of spiral. As a 

25 

44.0 

24.0 

rule> liowcver, the upward movement is 

26 

46.0 

24.4 

f 

27 

■ ^47-2 

24.6 

acted rnore slowly than the downward one 

28 

48.0 i 

' 2^.0 

and when the rate of the movement is 

29 

52.4 ! 

27.0 

converted into tl\e distance to \yo advanced 

30 

62.0 1 

27.2 

by planulae for 30 seconds, it will be 

Average 

1 37.4 

21.3 
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It the rato r)f 80,6 mm. and also 
known that they can swim upwards at tl , r .t, 

. , t .,t the rat<- of MO.hmm. Tlius the planulae of the 

can swim downward at I - 

present species move much more speeily than tho.i 

' ( k ] Tiir h'LOATiNi; rivKi'H' An" Sr.rii.rMFNi. 

■ ,,l.,nul„. swi.n »c.iv,-ly ..«•> aa-y.yto .. »'<•«' 

.h,. Kut .. — •" “ 

. :L„.on. u,.,. - •-™'- ;■; 

W,,„ in n v,.<„l in nhid. n HyW i-.l sni.-. i.in '>..dly 

lin„id,i i. nil. I 1 

■■I uhen it coi.u- to the tmw to 


in the early stape of extra.sion. 


in tn<‘ oaiiy 

settle down, they dmw m,:at,ve phototropism. Such hehario, is ,nen 

TT • 1 iiano» 

, m 1 iVrind in l idi'ffff larva 'Ahi, y/ ■ »» 

.ccordin, to KAW.Ma-r, .Vh. who niade the tro,esms of 

several si.ecies of coral idanulae, all the i.lanulae exhilnte.l ive 

phototax-is to .some ,!ev;ree in i.rop-.rtion M the mtensity of i, . • 

amonp them Poe,7/opoen larvae resiK.nded to the slio,u;e.st a; . • ^ 

nsually settle on the bottom of vesiV, hut sometimes 

a few of them attach themselves to the wall -just beneath tlv watc 

level dhe latter case, however, may be abnormal and it .sr-emoil to me 

1 ■ r r,. lb., wall bv the surface tention ol 

that tliey were pressed apamst to th. wall o> 

water and then were .sticked on it unnaturally during floatmpy. 

Tlie free swimmini; or float iny period lias bem mve.sti^^ated on 
several .six-cies of coral larvae from sucli a view [loint that it is the 
main controllint; factor afloctinK the Geographical distribution of corals, 
because they have to be transported by the tidal current during floating. 
As for the ixniod of the present coral, six Imndred.s of planulae were 
exAmined and the following results were obtaine.l iTabTe 4) : 

The table slKnws44at about 9^= -'f 

the remaining 8 were failed to attach and dierl out. /Hie planulae 
were floating for nine days, but mo.st of them settled down w.thm live 
days after extrusion, of which about 63 were finished the settlement 

' within two days. Furtliermore a majority of iilanulae were attaclted 
tlHimselve,s on the second <lay after extrusion. 
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According^ to Kdm^»nds(>n (/29\ the 
floating period of larva of Pi^(siUop<y**(i 
irsj)ifi)W is from thriv to eighteen days 
and that of Cyplms^rra orrUiwt is from 
llir(‘e days to one mouth. d'lie larva 
of Pin'iUoporn hylhisa attac]a‘d tliemselv’cs 
within twenty-four hours afU'r extrusion, 
but occasionally it takes from two to 
thn^e days or over a (STKrilKNSON, 

Abk (’37, reported that the floating 
jx?riod of Fvii^/id larva is from two to 
tliree days anti that of Gonnvffrai 
asperd is from sixteen to twenty-three 
days. 

'rhon the behaviors of pl^nulae kept 
ill tlu* total darkness were eKaihinod. 
Many planulao were ke[)t in the rectan- 
gular glass vessel and were placed in the 
experimental dark room. 1 hey were 
ob.se rved in the morning, at noon and 
in the night ev^ry day, and illuminated 
from one side by lOO w. electric lamp 
at a distance of 30 cm. apart from the 
vessel wlKin examined. Whenever exa- 
mine<l, they were floating on the surface 


'I'AJii.K 4. ShoA'ing the number 
of planu’ac of /V*i^k>poj'a dotnlc/jrni^ 
ct’Mpffoikx (DjVNA) which settled down 
ever) d-iy untler the nr)rtu*Ll J«ilHJr!\lory 
cojiditions aa<l also in the total d.-irk- 
RCS-. 


j 

Normal 


Days after 1 

laboratory 

Darkness 

extrusion ; 

condition 


I 

111 ' 

40 

2 

299 ^ 

51 

3 

91 

4 

4 

41 

8 

5 , 

43 

3 

6 i 

7. 

8 

7 

1 

3 

8 

0 


9 1 

1 

1 6 

1 

10 , 


2 

1 

11 


2 

12 ' 

1 

1 

13 

i . ; 

I 

' 

'rt)tai oi 

1 


settled 

j 

540 

1 ' 132 

planulae 


1 

— 



Total uf 



tlnud 

51 

18 

phnulAc 



— . y/ 



Rate of 

1 

1 

settlement 

j 92.,% 

i 88.0% 


of water or swimming near it and in an instant afF(K:ted by Ifght 
sinkinfr clown rapidly and sti-aightly to tho bottom, not descrihing the 
spiral course. Soon after they began tb; normal movement* continuing 
it as far as they were illuminated. 

It has already been noticed that the floating iieriod was prolonged 
or the planulae could not settle down at all when they were kept in 
the darkn^. Such phenomena as given above were recognized also in 
ether shallow water corals as Agaricki /ragilin (Mavoic ’15). Vyph(wtit<* 
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nndlhui ( l^DMONl jSC^n, ’29^ and FunfjHt (n^f jHtkvwoiHW {AuK, ’3/), 
wliilc llic larv'ac of 1 h uKtunty oru^ of tho sna corals, 

were not aifectod by tlie absence of lirht ( Kl )M( )N1 )SC)N, *29). As for 
the [)resc*nt species, f)nly delay of floatin^.^ [x^riod and al^o sHf^ht 

decn^aso of the rat<‘ of settlement in tlie darkness obsiM'Vcd. 

'61 Till' Ih'iiAvmics Or Tr.ANiu.A In dhir Dili'i'ki) Ska \VA'rrK. 

ft mav frequently liappen that the coral larvae are ex{>osed- to the 
heavy rain of th<; tro})ics durin^^ floating on thi‘ shallow rei‘f-flat or arc 
trans])ort(’d t<:» th<‘ mouth of some river by the surface current of s<'a 


water. In ras(‘s they have to 

a'Alc.K c;. ShowiD'^ numl cr of 

planular of i ’ncll/opa, <1 

(Dana'i s<‘tt!id (louijrvcrv (lay in diffcreiit 
dilutions of sea vval<*r. 


P'Wb after 

Iijuitiori'. (A 

sea water 

cxtru'ium ! 

5'^ % 

60 % 

80 

^0 

> i 

84 

108 

1 32 

1^-3 

2 

13 

32 

10 

26 

3 

; 23 

9 

24 

39 

4 

-3 

1 

I I 

39 

5 

0 

0 

12 

1^ 

6 

0 

0 

2 

8 

7 1 

1 

0 

0 

4 

8 ; 

1 

0 


2 

10 




1 

13 




0 

!7 




2 

IV'tal of 1 





settled ! 

123 

152 

19 J 

289 

j 

]>Ianijlae | 





Total of 





dea d 

277 

248 

209 

111 

plariulac 





Kate of 





settlement 

1 30,7 

38.0 

47.8 

72.3 


{%) 


nuxd with sea vs'ater of low salinity. 
It will b(‘ si^qiitica nt t(^ know th(* 
ix'haviors and pc^wer of resistance* 
of planulae in such circuinstanc(‘ as 
al)ovt* mentioned in relation to the 
f^eo^ra})hical rhstributi<:}n of corals. 
In tins viewpoint 4CX) of Pocilf^>jM>'r(i 
lar\'ae w<'re kept in sea water diluted 
with rain water and tlio folhnvin^ 
results wen* obtaind (Table 5) • 

In Tabhi 5, it will be noticed 
that the planulae were capable of 
attaclmi(‘nt even in sea w^Uer diluted 
with (Hjual volume of rain water 
(recf)rdcd as 5^ table), 

increasing the rate of settlemeiti in 
pr<.>portion to t)ie increase of salinity. 
A majority of [)lanulae wttled down 
on tlie first day after extrusion and 
it may be considered that it requires 
a short jx^riod to settle down in 
such an unfavourable enyironinent. 
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t 

(l) TdK RKARTNC 

In order to make (d)servali()ns most easily on tlie development of 
planulae aft(‘r attaclnnont, some small rectanj^ular vessels were prepared. 
Mach them was madi^ with hvo of slide j^Iasses (35 X 76 mm.) and 
its hioa< 1 er walls were inclined to some (k'f^r(H^. l'h(‘ other two slides 

were leaned alternately aji:^ainst the walls. Many vessels, tlius made, 
w(‘re arranged on th(‘ d('sk: which was covered witli black cloth and 
were placed m^ar tlie \vindow. IJsu.irlly fourhy^ of planulae W(’re kept in 
(‘ach v(?ssel, but rf niK;:essary, much iiu>re of them were taken in it. The 
Vessel was tilled with 70 cc. of sea water winch were renewed once 
every day. 

\V]ierev(‘r the planulae .s(dtl(' down, t]i<' \essel was readily divided 
into the slick's to whicli th<' youiu; polyps attach, thc'U the' slides \vcre 
put into anothc'r lar^^* vcsssel in wliich the* j)o]yps wvw reared for a 
Jonf^ time. In this way thc'y could be ()b.served umJer a micro.scofKi 
without any difficulty. 

The rearing of the polyp.s was carried out in the' laboratory. They 
were supj^lied clear .s<*a w’ater, not hltc'red, wliich was drawn fr(.^ni tlic 
water passage outsirk! the re<'f flat. I'lie water was r(mew’ed once every 
day. At the Ixigiiining of the rearing thc'v wcue supplied witli muddy 
water taken from slight outside of the mangroove swamp, but most of 
them dienj out witliin a fc‘w days after extrusinn and some surviving 
polyps devolojxid into an abnormal form. 

As to thc' food, they did not receive any artificial bait,^ but it 
s<iemed to me that the' polyps aquired suiliciontly some animal planktons 
as tluh'r food materials from surrounding .sea water , in w hich these 
animals were always contained in a great cjuantity. 

Under such circum.stances as above mentioned the settled polyps 
were able to grow well at least over . four months and during this 
{period they produce<I prosjx^roasly new individuals by the asexual 
reproduction. In the course of rearing, however, it is v^ery neccs.sary 
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for young polyps to get rid of fine sills These are susi^^nded m water 
"m a great quantity, accumulating on the polyps and cKcoedmgly 
prfevent then- develop.nent. In addition to these, so.ne gr«,n algae must 
be removed from them. Thc.sr' pla.rts grow actively all #ver the slide, 
covering the polyps and become the cau.se of their death. 

ITirthermore, the polyps are often injured by another cause, that is, 
•at first they settled firmly on the .slide, but later cur easily .seiiarated 
from it even with slight .stirring of surrounding watim, without any 
trace of destruction of the basal plate by which they adlicre to the 
slide.. Tlie same fact was ^ found in the other corals, 
hydrix, Styhpkrya pidilhfa ami (lafaxm and it was thought that 

it was re.sulte<I from the invation of symbiotic algae into the basal 
plate. The algae unticr consideration has already been recognized by 
several authors as one of the rlestructive power of coral rwf, ami 
UcuiUMi (’42) has dc.scrilJCd on these data in his pajHir. 


(2) TiIK DKVIXrU'MKNTAL TroCKSSKM. 

n. jTlit’ ‘iiii'Ki’iite'i-ii (md U‘pt<tcl<’. ■ 

As soon as the tilanula settles down, it becomes flattened and is 
shaped like a disc. Tlie ncwly-.settled polyiis show various developmental 
steps during twenty-four hours after attachment, and tlie diameter of 
disc ranges from 0.7 mm. to 1.4 mm. (Text-fig. 4 . h-d’)- The central 
part of disc is more or less swollen and the oral ajxirture is oixmed at 
its center. The margin of aixirture is pale green in colouration having 
short cilia which are moved unceasingly. The cilia to be found on tlie 
body of free-swimming larva disapi>ear shortly after attachment. The 
polyps are capable of expansion and contraction of body from the 
early .stage and when undisturbed, cxtentling their tentacles during 
daytime. They are strikingly sensitive to some mechanical stimulation, 
and even with a slight shock of .surrounding water contract suddenly 
their sbft parts, while in about two weeks after settlement they become 
loss sensitive. On the contrary the Fnr^ia larva (ABe. ’37) b«gips 
sliow the susceptibility to .sound stimulus in about that stage. 
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in(‘St‘nt('ri>s rcpro.sent the 


As already mentioned, six pairs of primary mesenteries or proto- 
cnemes (Duerden^. ’02) have already tx^m devolopfid in the frec'-swiinming 
sta^e and the same aspect is maintained in tlu; settled polyp. Now tl>e 
}.r a stro-cmdomic cavities are differentiated and tlie entocotds and exocoels 
arc arranp^d alternately (Text-fif^. 3 ; 4 , I>-d). According to Duerdkn 
(’ 02\ sucli an arrang(nnent ami an asjiect of 
simplest form fff Madreporaria. 

riu* tentacles apjxsir in 
tlie slrilcingly early stage. 

Immediately aflt^r attachment, 
twelve 01 tentacles are given 
ris<' simultaneously^ on the wall 
nf mesenteric cliamlH'.rs. I'hey 
ar(‘ visible as whitish swellings 
and are situatcil at about 
et|ual distance apart from the 
mouth. On the following day 
they become larger (Text-fig. 4 , 
e) and on the fourth day tlK‘ir 
st(‘m.s ar<* more or less length- 
(‘ued (Text-fig. *t). On the 
fifth day^ the ttmtacles are 
further eh m gated Ixing sha}>od 
like a rod. Tlieir tips are spherical, pnvsenling wTiite colouration b<'ing 
thfj (hivoid of Zgoxanthcllae and^are armed witlr numerous nomatocysts, 
while the algae are distributed rather abundantly- in the sUsns. In this 
stage k will be often found that the polyp catches some C'ojxpoda of 



cn,s 


The tran^v^;rt>f section of 
the new 1> -sett It* (.1 )arv;i <>f Pi>rfiii)pf-)ni darni- 
roin/.v rci'pfioMi ( I)ana\ io jj. tliick, cut throu^jh 
the Ft<'mof!Bcal region, stained with Heidrn- 
li.ain’s iron hncmatoxylin an-l oranj^c (t 
Showing; (he aspects oi mescntcri^-s and 
X Oti. 5t>. 

I-VI, jnctK'nterics ; en. s, cnioiejwa ; c\. s, 
ex^'septa ; m. f, meBenterial rilanwnt ; /, 

EooxantheUa. 


ratht^r larfjc size and swallows it into its stoinodaeuin. 

Thus tlie primary or prototentaclcs each consisting of six of onto- 
and exotentacies appeared in such an early developmental step. These 
two kind.s of tentacles arc' arranged altornalely at afKiut equal' <.li.stance 
apart from the moiith. forming a simple tentacular crown. Such'aTj 
asixxit of tentacles has boon maintained for a long time without any 
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Text 'fig- 4. 

Showing the development of the larva of PociUopi}t'a dairdcoi'fiffi (YJ^pftosa (Dana). 
a planula- m, mwcnterich ; o. a, oral aperture; Zooxanthcila. x cn. 30. 

Ij young polyp, just after attachment, olscrvcdTo^ru oral bMc. 

f, d young polyp, wdtliin one day after attachment, oral view', t, tentacle. 

</, d^ al oral viev. of c and d rcsptclive’y. ist, thr cyq.e of septa; afnd, 

the second cycle of )i>cpta- 

c >oung I>olyp, the second day after attachment, ora! view, ist and 2 nd, 
same an above'; 3Td, the third cycle of septa. 

f young |>olyj>, the third day of attachment, oral view ; P aboral view of f. 
b-P, X oo, T9. 

rtotic(*ablo o3«:o{;t thoir further elongation. As at^normal eafjes, 

liouwcr, four, six, nine or eighteen of tentacles were found in some 
polyps. 

h. TJi^’ shcMon. 

As soon as the planula settltKl down, the basal plate is secreted at 
the base. It is thin and irregular calcareous layer, distending somewhat 
farther than the soft parts and looks projecting to ^ sonic degree outside 
the tissues. Soon after the attachment <’>f the jilanula tlie septa apjjoar 
also, The.se are th<* first cycl<‘. or entosepta arising from llie basal 
plate in each entocoel. Soon later or nearly at the same time the other 
six of septa appear at tlie base of each exocoel, forming tite s^Kond 
cycle or exosepta - Tho.so two cycles of twelve septa are visible from 
tlie exterior througlf the walls of mesenteric chambers as small irregular 
corpuscles whicli as yet are not united to form definite ridges, ibach 
of them is arranged bilaterally or radially in tlve basal plate ( rext-fig. 
4. C-cl). 

On the second day of attachment each septum is shajKnl like a 
needle having rugged jx?riphery, and in addition to septa, tte 

third cycle of twelve septa appear bet\vaien them* As tlie result, twenty* 
four of septa have appe^arod and are arranged radially or bilaterally at 
the base of the polyp (Text-fig. 4, c). 

On the third or fourth day of attachment the septa becJbmc rod-like 
An(f tfiose of the first cycle alone grow much longer than tlte otlters, 
some of them reaching to the central upgrowtii of the basal plate. 
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Text-iig. 5* Showing the development 
of tentacle*! and septa in young polyp, the 
fourth day of attachment, in Podllopnra 
damteonds oeBpltoxcL (Dana). x ca, i<J. a* 
oral view ; 1>, alj>oral view. 


The exo septa are slightly 
longer than the remaining 
ones. All of them increase 
the height ami i)roject 
upwartls irregularly ( Text- 
fig. 4 ; f, f ; 'I'ext-fig. 5 : 
a, hi. 

In ihr followinf^ dove- 
lopmcntal stop tlio ricl^^es 
of soi)ta aro onlargcd an<4 
conio tf> contact with each 
other. Soon later they are 
fused to^,^ether and thus the 
theca is formed, and at the 
same time the calyx or 
calycle is established (lext- 
6, b). 

rhe basal parts of 
endosepta are enlarged 
toward the center of calyx 
and mcH^t with tlio central 
upgrowth of basal plate, 
tlien are fu.scd together. 
Tlic fusion takes place 
Ix^twetin some septa or all 
of tlicm and in all cases 
it is followed with the 
bilateral symmetry. The 
region formed by the fusion 
steeply projects upwards 
and thus a skeletal 
bcranco or columella is 
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resulted at cantor of basal plate. Consequently the columolla is 
built on tb(' upgrowth of the plate. Such a structure as given above 
h usually (ievc]o{)ed witliin five days after attachment. At about this 
stage tli(* epitheca appears also in some polyps (Text-fig. 6, b), while in 
the other [>oIyps it does not occur even in the later stage. 

IMeanwlu'Io, wlien- two or more of planulae settle on the slick^ in 


the cio.s^i n(*ighbourhor>fl of others, 
aggregated colonies are formed. 
As a. rule each individual of tlw* 
colony has common theca, hut 
in some case's each polyp is 
strictly [Partitioned by the skeletal 
boundaries (d'ext-fig, 6, a). Such 
a colony formation has already 

b(!en noticed in SUhT(iMre^f radium 

# 

(Duerdkn, ’04], 31 ae(indra arcolaki 
(IV^SCJCMA, ’29';, PocHhpin'U hulh>sa, 
(Stephf.NS( ’31) and Ftiufj/iu 
aitinifi r) *'// / -/-S’ { A UK, ’ 3 / ' , 

After tlie establishment of 
theca the skeletons ,.of [H)Iy[> 
mainly grow upwards and the 
tlieca becomes conical, from which 
many processi!S l^tung projected. 
The asexual reproduction or 
budding takers plaH^ actively and 
the skeleton of daughter polyp is 
formed at the lower part of the 
theca. One of tl\e processes of 
theca becomes the columella of 
bud and its adjacent skoletdns 
are transformed into tlvi sejita of 


they are ea.sily fused and tluis the 



Text-fig. 6. Showing tliL- skeletons 
of young cOrals of VryeiUopora dmnicomi^ 
(Dana). 

ft, Skeleton of siggrcgftted colonics, the 
third day of attachment. Oral view, x 
ort/ II. \ 

h. Skeleton of young p'Plyp» the fourth 
clay of Attachment. Oral view, cp, epitheca. 
X ea, 34 . 
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bud, cons^^quently the secondary modification of skeleton of parent 
polyp is c^iven rise following the increase and growth of bud. 
this the skeleton increa.ses its \veit:jht and b<M:omes much more ri|^id and 
complicated day by day, but the numlx^r and arrangement of septa arc 
maintained without any essential change at least for four observable 
months. 

'['hus the fuiulcinKHital stiuctiin's of m«,s<!nt(!ries, tentacles and 
skeletons liave already Ix'.on dovoloix'd within about a week after 
attacliinent, and in the followintj .staj^u’s the ast’xua! reproduction is 
mainly {)crfonned. I-roin these facts the dev.-lopmeiital steps of the 
pre-sent coral may be distinguishable into two staf^es, the earlier and 
the laU*r. 

The :(si>ect of the protocnemes, the rapid appearance of both the 
prototontacles and of the twenty-four of septa in such an early stage, 
the simultaneous or nearly simultaneous occurrence (?T onto- and exo- 
tcntacles and also of onto- and exos<>pta, and besides the form and 
arrangement of all «ft>ta, have closely resemblance in all rosjxicts to 
those of PorlU<,jji>ra l,nJlx>m (Stki'IIKN.son, ’31) and it may bt^ consickrwl 
that thest' features are the characteristic of lliis genus. 

* ' SUMMAKY 

, r 

1. One of the recf-buikling corals, PoeUlojyora 

(Dana) belongs to the k^amily Serialopi^ridac, Suborder Madrcpi>rana 
JmjMsfonda (liGVCUh ’ 3 ^)- ^"^ome filatures and btdiaviors of the larva 
and its postlarval development arc dcrilt with in the present pa[X!r. 

2. The larvae or jdanulae arc lilxTated overy^ month throughout 
tlie year in acc(.>rdance with tlie lunar periodicity, namely, the j>Ianulation 
begins to occur .several days before the time of the new moon and 
roacD^s its maximum at or about the time of the ucvv moon and. it 
lasts for several day,^. Vor some ten days including the time of the 
full moon the planulatiun doe.s not take place. 

3. The planula is brown in hue diie to the symbiotic Zooxanthellae 
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to foun<l in its endoderm in a grcart .<iuaatity. Thr^ mesenteries are 
visibl<' as longitudinal striations through its ciliatoi surface. The oral 
ajH^rture opens at one extremity of the body. 

4. In tlie ectoderm two kincls of gland cells are present. The 

ectoderm of the aboral <?xtreinity of bc:)dy is thickened in particular 
forming nervous layer. It. consists of the nerve fibers, supporting 

Cells and Inrsides a great nunilx»r of gland cells. ( )nly a few of 
nematocysts are found. 

5. The six bilateral pairs of mes^Miteries liave already btnm developcxl 

in the stage of frc*e-s wi mining planula. Of thes^r pairs four are complete 

and are united with the stomoda 4 eam, while the remaining two are 

incomplete and arc free fiorn the same. All of them bear the mesenterial 

filaments. 'I'he gastro-ccxikunic cavity is not yet difbjrentiated. 

\ 

6. The planula swims actively witli its aboral end directed 
anteriorly. It.^ mc>vement is jK^rfornu^d in rapid right-handed rotation 
around the longitudinal axis of the body. In addition to this, it takes 
the wavy cour.se when advances horizontally and also the .spiral course 
when advances upwards and downwards, it can swin at the rate of 
about 80 mni ./30 s(3C. when a.scends and about 14O mm. / 30 sec. when 
desccod.s in the aquarium. 

7. At first the planula shows positive phototropism, while it turns 

into negative wlxm the lime of settlement is aiipruaclied. The floating 
tHifiod of th^planulae lasts from one to nine days and most of them 
will seltk* down within five days after extrution. Moreover a majority 
of settlement is accomplished on the second day. , 

8. Even in the total absence of light th(‘ planula is capable ef 
s<»ttleinent, but the floating period is more or less prolonged. Under 
the same .conditions ab<!rvc n\ost of the planulai^ settle down within 
two days aftet extrusion and the rate of the settlement is slightly 
decreased than that of tlie normal ca.se in the labofSftory, 

9* In tlie diluted soa water the planula is also able to settle dowm 
and even in 50 9^ sea water about 30 96 of the planulae can settle 



46 


K. ATr>DA 


Mo^t of them do so within one day after oxtrution. 

JO. The settled larvae can be reared for a long time in ttie 

laboratory. At first these young corals are very sensitivi^ to some 

mechanical stimulus, while aftcu' about two we<T"s tlii'y become loss 

suscoptibl(‘. 

11. in the iicvvdy-s<'ttied larva six pairs of mesenteries have already 

bot*n devidojx'd and b<jth six en<Io“ and exf)ctselic chamber.s wore 

established. Soon after both six endo~ and exocoelic tentacles are given 
rise from respective walls ol undo- and exocoels. I hc‘ Zooxan^hellae 
are richly distributed all oV(‘r the soft part of the poly[i. 

12 . All tlu‘ tentacles apjx.'ar simultaneously and the endo- and 
exocoelic ones are arranged alternately on the same level, forming a 
single tentacular crown. The features of th<' mestmterie.s are nearly 
similar to Hios'o of the swimming larva. 

13. T\\(? skadeton is also clevelojxxl at a V(‘ry early stage. On tlio 
first day after attachment th(‘ cycl(^ of six entosepta and the cycle of 
six exo.s(*pta > are developed from the basal plate, d'he se[)ta of tluvsiv 
two cycles ar<‘ arranged alU^rnately. On th(‘ second day the third 
cycl(‘ of t\\ (*lve septa occurs betwe^m the hrst and second cycles of st^pta. 
As the result twenty-four of .septa are arranged radially or bilaterally. 
Among tluvse the (»ndosepta alone are prominent in Iimgth, and their 
basal parts reach the central tliickening of the basal plate. 

14. On about tlie (iftli day after attachment the upper part.s of 
all the s<4)ta spread and are fused together in their enlarged region, 

' Thus the theca is constructed and at the same tin^e the calyx is 
establish<id. At thi.s stage the columedia is also developed and the first 
budding begins to occur. In some polyps the epithecal structure is 
develo{>e(L 

Thus the fundamental differentiation of the mc.senterie.s, tentacles, 
septa and the other skeletal .structures hav^e already l^een established 
within only five days after attachment. 
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INTRODUCTION 

While enjoying llie long stay in the I’alao Islands of the; former 
mandated South Sea Islands of Japan, I had an opportunity to obtain 
several kinds of coral larvae, and could observe their behaviors and 
also was able to trace th.eir <le\elopmental sequence. Among tliesc 
larvae, I had already report<-d on PodUopam c^spifmi (Dana) 

(’46). Sh/lopJun-a pidl/hUi (Msi'ER), which is one of the reef-building 
corals, belongs to the .same family as PodUopewa, vi/.., Seriatoporidac. 
but the colonial forms of the.sc? two .s{)ecie.s arc very different. 

It is not an easy task to obtain the larvae of tlie pre.sent coral, 
but the parent colony is alive much longer time than that of I <>( ilfojx.i u, 
and its settled larvae can grow well extending a long time under the 
la^ratory conditions. Thus the Stylopltwa larva proved to be one of 
the mo.st excellent materials for the studies of the coral develo[>mcnt as 
well as to obserc'e the features of larva. Furtltcrmore, when the‘ 
developmental steps of the two sfiocies of corals of Seriatopofidac are 
compared with each other, it may throw some light upon the mechani.sm 
by which the two kinds of coral colonies of different shapes are formed. 

The present work was carried out at tlio Palao Tropical Biological 
Station. Before going further the author wislves to acknowledge his 
indebteclne.ss to the Japan Society for -the Promotion -of Scienti^c 
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l^scarch for its financial akl. His hoarty thanks arc also due to 
Enter. Prof. SniNKISitT liATAf, the former din'ctor of the station given 
abov^, for his kind guidances during tlie investigation. Further he 
wishes to express his sincere thanks to Prof. l-)r. San'JI H6'/avva of the 
'Fblioku Iinj>erial University for the cordial guitiance givam to the 
j) resent writer after 1 k^ l('ft tiw station. 

MATERIAL 

^fj/hpltcyra pintiUdfa (Ksr;j<) is one of tlie branching corals consLsting 
of numerous minute ^coraJlites. It is commonly found in tiK' fringing 
reef of Iwayama Pay of the Korror Island in t]i(^ ]*alao group, but it 
does not aggregate at one habitat, so it is not so eMsy to collect many 
niah'rials in a short time. Each branch of the colony is big and short 
with blunt tips and is shajxM like a fing«*r of man. The skeleton of 
the colony is dense and rigid and is very heavy, 'i'he coloration of 
living coral is dark brown or brownish yellow and as a rule the tips 
of each branchlct are pakc The soft part cT the polyp is expanded 
during the night only, as ^arc found in many other corals, both in tlie 
natural habitat and in the laboratory. 

All of the observations on the larvM and its postlarv'al dcA^eJopinent 
were made in the laboratoryc The method of collection of materials 
and the same of rearing of both larvae and settled polyps, and also 
the laboratory conditions were all the same as in the case of Pocillojnmi 
(At(.)I)a. ’46). 


OaSKRVATION 
1. TfLe fan;a ptumtUi 
Thk pERion Of Icxtrpsion. 

The extrusion of the planula was examined using several nuiiiber 
of colonies at one time of the observation. Kacli of them was about 
400 grams in weight and was collected from different habitats. Although 
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tlio. corals were alive for a considerably lon^ l^eriod in an aquarium, 
but the observations w’ere made for about throi^ days of each colony 
and then the other fresli materials wi*re successively brou^lit to (‘xainine. 
As is shown m 'J'abie i, the observations were carried on for twenty- 
nine months extending from 3938 to 194 1 and during; this jx,*riod the 
planulation were found in the following months : 

1938* -Jul., Aug., Oct-, Nov. i939-*Jan. — Ai)r.. Jun., Aug., S(»p. 

1940* -JuL, Oct., Dec. I94i*-l\lar. — Jun. 

From the.S(‘ data it can be knowm^^that "the planulation occurs 
every month throughout the year as in th(‘. case of Porlllopo'ra (AtoJ)A, 
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I'abm’ 1. Sliowjr)^ the data of the cxtrtisioa of planula of SUjl<)j)h tra yutillaUi 
(I'sis.lt; tUirjijg tlio period extending from I93B I0 1941. 


Date 

of 

Moon’s 

Idanulae 

' -Date of 

Moon’s 

riannlac 

colleclion 

age 

extruded (4-,\ 

collection 

age 

extruded (F)» or 




not extruded ( — ) 

' 


not extruded ( — ) 

1938 







Jun. 

( 

4 

s — 

23 

30 



J5 

18 

— 

25, 

2 

— 


16 



26 

3 



17 

20 

— 

28 

5 



25 

28 

— 

29 

6 

— 


26 

29 

— 

30 

7 

— . 


28 

J 

— 

Oct. IS 

25 

— 

Jul. 

21 

21 

F 

21 

28- 



22 

25 ! 

+ 

22 , 

29 1 

— 


23 

26 ! 

F 

24 1 

2 


A»«. 

10 

24 1 

F 

25 

3 < 

«« 


20 

:c5 

1 

F 

Nov, 15 

24 

F 


21 

N6 ' 

4- . 

16 

1 

23 , 

F 


25 

1 ' 


18 

27 

F 


26 

2 ' 

1 

— 

19 " 

28 

1 

— 

Sep. 

3 

10 

— 

22 

1 1 

— 


4 

11 ' 

: «... 

23 

2 i 

— 


If 

18 

1 

29 

8 1 

— 


J 2 

1 

1 

i 

Dec. 5 

14 1 

1 — 


I f 

20 i 

I , _ 

6 

15 , 

— 


22 1 

29 i 


i 1 

20 

i 
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12 

21 

— 

1 Apr, 2 

13 

— 

r* 

24 

~ 

3 

14 

— 

2i 

30 


1 7 

18 

— 

22 

I 


' S 

19 

•I" 

1930 



May. 4 

15 

— 

1 an 4 

14 

— 

5 

16 

— 

5 



10 

21 

- 

8 

IS 

- 

Jun. 10 

23 

-f 

9 

19 


15 

28 

— 

15 

25 

-- 

16 

26 


16 

26 


21 

5 


18 

28 


j 23 

7 


J9 

29 

— 

1 

24 

8 


21 

2 



11 

— 

22 

3 


28 

12 

— 

24 

5 

— 

j Jul. 4 

18 

- 

25 

6 

— 

: 5 

1^‘ 

— 

30 

11 

— 

! 15 

79 

— 

31 

12 

— 

16 

30 

- 

FcO. 2 

14 

— 

19 

3 





1 



J 

15 



s 

— 

4 i 

16 

-- 

: 22 1 

i 

1 _ 

7 ' 

19 1 

— 

li 23 j 

7 

! 

10 1 

22 

+ 

1 27 1 

to 


“ i 

23 

-h i 

28 1 

H 


14 

26 

-f 

; 31 i 

; 

- 

16 i 

28 

-f 

1 Aug. 1 

i 16 : 

4- 

20 i 

*" 1 

1 

‘ 4 

19 

4- 

21 ! 

3 

1 

1 12 

27 

1 

24 

6 

— 

i 

1 ‘ 1 

- 

1 

7 

— 

ii 

; 4 

— 

26 

8 

— 

:! 19 

‘ 5 1 

— 

■ 28 

10 

, 

25 

11 1 

— 

Mar. 1 

1 1 

— 

26 
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2 1 

12 

•• 

5>ep. 1 

18 

— 

7 

' 17 
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4- 

8 

18 

— 

7 

24 

4- 

12 

22 

4- 

i 9 

26 

~ 

14 

24 j 

+ 

. 10 

27 

- 

18 : 

28 •] 

— 
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2 

— 

23 1 
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— 

1 15 

3 

— 

25 

5 

— 
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19 

7 

— . ■; Oot. 2 

2 

— 
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8 

- 3 

3 

- 

25 

13 

~ , 22 

22 

-h 

• 26 

14 

— ' 23 
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Oct. 3 
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27 
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22 
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21 


7 

2S 

- ' 21 

23 


It 
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I! 1941 



JuM. 27 

22 

- ■' Mar. 20 

23 


Jul. 4 

29 

1 

ij 21 

24 


5 ; 

1 , 
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20 
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— . May. 9 | 

13 

- 

30 1 

26 1 

+ '0 

14 
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28 : 

j 12 1 

lo 1 

- 

2 I 

29 

i - ;i 13 


- 

6 ! 

3 

! - 16 

1 li ' 

20 *1 

4- 

7 

4 

~ '1 21 ! 

25 1 

— 

8 

1 5 

~ 'i 24 : 

2B ' 

— 

9 

6 

- 25 

29 


24 

1 21 
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T 

28 

25 

l| ! 

+ 16 ! 

22 i 

4- 

Sep. 28 

27 1 

4- 'i i 

' 23 ! 
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'Dicn th(i relation lx‘t\vcen the pJanulation and the phases of the 
moon was examined by the same way as used in the cas^' of PocUhpeyta 
(Atoda, ' 46 ). Tiiat is tc> say, all the data concerning tb.' planula 
ejetrusion were summarized according to the moon’s age only" and the 
follox^ung results were obtained (Table 2 , Text-fig. I): 

From the data given above, it may be concluded that planulation 
begins to occur at about or just at tlie time of the full moon, and 
thereafter it becomes active. When it com(‘s to the. time of the last 
quarter or thereabout, the extrusion takes place most fre<.]ucntly. After 
this phase it rapidly decreases and is finished at about the time of 
the new moon. F'or about t(m days btTore the full moon none of the 
planulac is produced. Thus the pLanuIae of Sfijlophm'a pktillaia (Kspkr) 
arc spawned every 'month tliroughout tlic year in accordance with the 
lunar periodicity. 
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TablK ; 2 . Showing the relation lx?tween the planulation atid the moon’s age 
in the case of Sfijf.'tpfiora pi^tiUata 


Division 

Moon’s age 

. Rlanulac 

1 extrudcil 

Rlanulae 

not cxtniddl 

No, of time 

of o!>servutior) 

Rate of 

CKtrusiom 

1 

28- 1 

, ' 

27 

28 

0.(M 

. 11 

2 - *5 

0 

17 

17 

0 

III 

6-9 

0 

12 

12 

0 

IV 

W- \ 2 

0 

17 1 

i 

0 


I 13-16 

I 3 

; la 

I 21 1 

O.'l 4 

VI 


' JO 

8 1 

^ 18 

1 0.56 

vn 

21-23 

i 19 

Q ' 

1 

' 28 

1 0.68 

VIIT 

24 - 27 

! 4 

i ‘’3 ; 

27 1 

1 0.17 


"J'ho oth(‘r examples of 
the planula litx'ration con- 
trol led by the phase of the 
moon hav(» already lx*en 
noticed in the cases of Pocil- 
/ojM^ra Iy^dhyf<a (MaRSjtall 
and S’l’i-i^rniNSDN, ’33^ 

Maeniidni (3/o)he/?w() arc(>^ 

Ifda (YoNhiih ’35)? Furu/ifu 
adinife^rmis palawcmit^ (AliK, 

’37) and P(Filhp<ym daviP 
(u>'rni^ ocfiplUisd (A'I'ODa, ’46), and thus this ' tim(‘ anotlier characteristic 
ty[)e of the periodicity was newly «addcd by the [>ro,s<.‘nt corah 

2, Tin; Gknkral Idcaturks. 

riie planula just extruded is usually slender and is shajxxl like a 
short rod. Shortly after it turns into a pear sliape and its narrower 
end becomes an oral extremity, but in somt^ polyps tlit' broader one 
U^comes the oral. It i.s smaller than the Ptmlitjxu'a larva in size, and 
when measured of the elongated on(% the longitudinal axis of body is 

about 1,1 mnu.,an^d the broadest width of the transverse axis is about 

^ * 

0.3 mm, It is brown in colour due to the symbiotic Zooxaathellae to 



'J’oxt'fig. I. Showing tlu- jilanulation 
of Sij^apftora (li.Hi Kn) taking place 

in lolafion to the phasis ol the ?noon. 
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V 

be found abundantly in the body, while tlK; aboral extn'mity is whitish 
hoin{^ devoid of the al^ae. The body surface is covered with short 
cilia and the me.sent<‘ries are visibl(‘ as .s('v^oral dark longitudinal 
striations through the transparent body wall (Text-fig. 2, A). 

As it is shown in I'late I, i, the ectoderm is weH-develoiH‘d and is 

♦ 

of considerable thickness. 7'here are tvv^o kinds of gland cells in it and 
both 6 { tlK\se cells are distributed in a nearly equal (juantity, and as a 
rule tl\ey are found more abundantly in the upjK^r part of body. J host* 
cells arr always filled with fine granules. The ectoderm forming th(‘ 
aboral region, of body, csiiocially in the aboral extremity, is thickened 
in particular, exlnbitirig nearly the same as|>ect as shown in the case 
of (ArnoA, ’46). This special layer con.sists of the nerve 

fibers, supporting cells, numerous slender gland cells and of a few of 
nematocysts, and may correspond to the ectodermal nervous layer 
obsorvi'd by Duerdkn ('02, ’04) in A'/mucki a<jnri(:Uv^^ hop/iyllut dipsfuiea 
and also in SidaraJ^b'n/ ritdkvtis. 

The oral aperture has already b<Hjn ojK‘ne<l and th(‘. stomoda<'um is 
niore or less differentiated. 

"The intcM'ior of larva is occupied by a vaacuolated tissue. The 
ga.stro-coelomic cavity is not yet differentiated,, but a narrow .space 
found just txmeath the stomodaeum vvu’II become this cavity in future. 
The outer layer of endoderm is .somewhat compact, bearing some 
number of lafge and spherical Zooxanthellae arranged in a row. This 
kind of algae is most abundant in the endoderm surrounding the oral 
ajx)rtuie, but never found beyond tlie endoderm. In l^iphylUii dips(ic 4 !(i^ 
radkni.^ (Dukkdkn, ^02, '04) and also in EuphyUkt glfUn'CMveiis 
(KAWAdifTl, '41) some of the.se algae are discovered also from the 
ectoderm. 

In the free-swimming larva of Pocld^>p<nrt (A'ITida, ’46) six pairs of 
protocnemes have already been develofwd, while in the present species 
only tl tree pairs of niesentcric.'i arc found. Thes<^ are arranged bflaterally 
and are united with the stomodaeum in their inner margins forming 
the complete mc.scmteries. All of them boar the mesenterial filanu5nts. 
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3. 1 'he Floatinc; Period And Skitlfmkn t. 

As soon as tho planula is set from its parent, it swims actively 
towards every din^ction in tlu^ aq;iarium. llsaally it advances with 
the hroad(‘r and round<Mi aboral extremity dif(‘cled anteriorly, but 
f)Ccasiona]]y the narmwcT extnanily becomes anterior. Tii all cas(js, 
however, tli(‘ ora] a]x*rtui(‘ is sit'aat(*d in the ])osteri(m e)f body wlien 
advanc(‘s and it dn(*s not she)w any j>roof of reversal ciliary inova'inent. 
it swims horizontally, takinj,^ up- and downward direction by tlio same 
way as n!)-sr'rv(*d on the /‘<-e//AYX>/*o larva (.Atdda, ’46', 

At about the end of tin* tirst day (>f extrusion, the [>lanula is more 
or li'ss flattened and !3(‘comes like' a splx're. It lK'j.pns to move less 
actively than ever and uill mAIIc' down Ixdore Ion{^. Most of tiie 
]>lanula(' s( 4 tle on the bottom of aquarium, i\sp<!cially af^jorc'tratinj:^ in 
tiK* corn(‘r r)f bottom and w alls. Wlum tlie floatin^^ |x‘riod was observfxl 
of 383 of planulae, the following results wm-e obtained (Ikible 3) : 

'I'ahli, 3. Shownij^^ t!ie nuri)l)fr of planDlae of Stijlo}>liorc\ pif^flUata (Ksei.H) 

<lowi» every day in the ac^uarium. 

Days after | - 'Total of of 

rxlrusinn ' srttleil larvae . settled larvae 

No. of 

vc.ncM larvae 60 10 4 1 ! 227 ; 09,2 


7 'h(‘ table .shows tlial the floating t>eriod of the planulae of the 
present .species was from one to .six days and during this [X'.riod about 
6o fa of the planulae finished their settlement and the remaining 40 ^/o 
failed to settle down. 'i'h(‘ planulae failed to settle continue to rotate 
on the bottom arfd will die out within about ten days. Most of the 
larvae finishcxl the settlrnent within three days after cxturslou and 
among them the majority accomplished the same on the first jday of 
extrusion. Thuf? the rate of sc^ttlomont of the present coral is much 
poorer than that of ]*<Kilhpora (AuotM, ’46), but the settlement is 
finished more quickly. 
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II. The p()f<f.hrvnl dcvelopuxa^t 

The larvae settled on the slide glass were easily ohtaiiK'd by the 
same method as was re[)ortcd on PocUlopi^ra (AT(')r)A, ’471- 1 hesc 

young polyps have grown well for a long time fn tlwi laljoratory. 

As soon as the planula s('ttled down, it turns Hattumed and becomes 
like a thin disc. It grows rapidly within one day after the attachment 
and the diameter of base of the settled larva is increased from about 
0.7 mm. to about 1.2 mm. The central part of polyp body is slightly 
swollen and tlie moutii is o]>eno<l there in center. • ft is greenish in hur^ 
and its inner margin is cov'ennl with cilia moving ceaselessly. The cilia 
found on the body surface of frc‘e-swi mining larva disappear shortly 
after th(‘. attachment. The Zooxanthellae are freely distributed nearly 
all over tlie soft [)art, csj)t.‘cially they are found mo.st abundantly 
around the moutli \Text-Hg. 2 ; B, C^. 

(i) Tjik Mkskni'} k\ Anj) Ti-ni actj:. 

As above inentiojied only thrc?e j)air.s of complete mesenleries are 
found in the free-swimming larva, while shortly after the attachment six 
pairs of me.senterics have already been develo{)ed. Tliest; consist of four 
pairs of E(hrarilda mesenteries and two pairs of incomplete ones. All 
of tlxern are arranged bilaterally. The mesenterial fdamonts are develoix^d 
along tlie inner margins of all mesenteries. The gastr()K:o(domic cavdty 
is now difrenmtiated and each six of onto- and cxocoels are arranged 
alternately (I'ext-fig. 2, H). 

The developmea^t of the bmtacles begins at a very early stage. 
Shortly after the attachment, the tentacles are not yet discernible (Icxt- 
fig. 2, B), but on the latter half of the first day of attachment twelve 
of tentacles arise from the walls of both ciito- and exwoels. Tlicy 
api>ear simultanootisly as small white swellings and are i^tuated on the 
central thickene<I part of polyp at about equal distance apart from the 
movith (Text-fig. 2, C). i\fter thi.s the Umtaclos will become longer day 
by day (Text-fig. 2; H, I,), and on the fifth day of attachment tlvsir 
stems ate considerably lengtliened, looking rod-like in shape. The tip® 
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of toataclcs are spherical and white in colour duo to the absence of 
Zooxanthclla. These tips are arm(xl by a ^reat numlx^r of nematocysts. 
h'roin about tltis staf^e the polyp lx;^n'ns to catch actively its food by 
usin^ the teiitackss, and when it swallows some larg<; animal as 
Co{>ci)oda, llio mouth is strikingly enlarpsl. Within a week or^ nearly 
so the tentacles b<'come much longer. 

I'hese twelv<.* of prototentacics including both six of onto- and 
exotentacles are arranged ring-like around the mouth, thus forming a 
singlf^ tentacular crown. Of those the exococlic <jne.s are more or less 
longer than tlie others and tliis asjx*ct will be maintained for a long 
tinie. 

(2) Thk Skklcton. 

As soon as tlio [)lanula skittled op the. slide, the basal plate is 
secreted at the base* of tlio polyj). It is fr>rm(‘(l of a thin irregular 
calcareous layer and see.ms to proj<'Ct somewhat outside tluj soft part. 
rh(‘ s<^pta an* not yet distinct, but some skeletal substances are visible 
in the bas(^ of each mesenterial chamber (Text-lig. 2, B;. ' 

On the latter half of tlie first day of attachment tlK» six of septa 
apjxjar as small irregular corpuscleij in the basal plate of endococis. 
These arc tlie first cycle or ( 3 r<ier of s(‘pta or endose[;ta. Soon later or 
nearly at tlie same time another cycle or order of six septa or exosopta. 
arises from the bas<' of the exocoels and presents the same aspect as tlie 
endos<^pta (Text-fig. 2 ; C, D). 

On the st^cond day of attachment these two cycles of septa become 
awdUrlike and in atklition to them the third cycle or order of twelve 
septa api>ear.s simultaneously among thorn. All of the twenty-four of 
septa arisen from tlie ba.sal plate a.s straight rod-like upgrowths and are 
arranged either, radially or bilaterally (Text-fig. 2 ; K, F). 

After this all of the septa arc sharply projected upwards (Text-fig. 

G). IhQ upper ridges of both ondo- and exo.septa begin to enlarger 
(Text-fig. 2, H) and then they arc fused togctlior. In addition to them 
each dorsal tip of tlie third cycle of septa is also fused with them. As 
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v^Iicnvinj^ some dcvelopfnchtal staj'cs of the larva of Sfi/lopft<f)'a }^fi^t{Unta (Khi*Kk). 

A 'TIu' planula, shortly after the extrusion. X <^a. 40. o. a, oral aperture; ip, ' 
mesentery; r, Zoo x a n t lie! la. Tt-'I'lie larva, just after the atlaelirnfent. Oral 
surface, m, mesentery. (h 'I'lie polyp, in the latter lialf of the first day' of 
att.e liment. The tentac les and septa appearetl. 1st, the* first cycle of endcisepta ; 

2nd, the second cycle cT o.oscpta ; t, tentaede. I) -Alx)ral surface of C. 

J‘ ■ riie pedyp, in the Ikr^innin^ of the seeoml day of attachment. T!ie tentacles 
are contracted and twenty-four of septa appear. 3rd, the third cy'cle of septa. 

K Al^oral surface ol Is. (1 • 'i'he polyp, in tfie latter lialf of the second day 
of attaclinienl, wdth contracted tentacles. H, I -Tlie jvolyps, the tliird and 
fourth day of attachment, showing the development of tentacdcs and skeletons, 
isl, 2ncl, "^rd, each c'ycle of sc'pta respectively; cp, epitheca. J -Alioral surface 
of I. It J, >; ca. 17. 

the re.sult the th(‘ca is fonned and at the sanio time tlu* calyx makes its 
apiK^arance (Text-fi^. 2, 1 ; PI. I, 2). Sucli developmental steps as given 
above are usually found on about the fourth day 6f attachment. 

Of all the septa endocoelic ones are much more strongly^ devolojxtd 
tlian those of the si'cond and tliird cyxies, their inntd* extremity 
extending as far as tlu' center of the calyx (PI. T, 2). TIu?n the inner 
cdge.s of llio (‘ndosepta com(‘ into contact and thus are united with each 
oth(!r. d'hc union takes [)lace betwavn all sc^pta or some of them, but 
always presenting the bilateral arrangernemt. The skeleton formed by 
tlie union sharply*’ projects upwards and .some spinous proj(‘Ctions from 
the inner extremities of some endosepta are also fused with it and thus 
form the columella (Pi. I ; 2, 3, 5)- Sucli features usually apf)ear within 
six or seven day^s a Out tlie attachment. 

Hitherto, as to the columella formation, three difterent origins have 
been noticed. In the first place, at first the upgrowth ari.scs from the. 
Center of tlie basal plate and some spinous projections of the inner 
extremity of both endo- and exosepta are fused together with it "ftien 
a .secondary deposit of the calcareous matter is added to them and 
results the columella. ' Such a columella is seen in the cases of Sidh'ostred 
(] )UKRdkn, '04) and Matanihri [Mamchm] creidtxta (Boschma, *29). 
In the second place, from the Ix^ginning the columella appears as a 
separate projection from the basal plate, thus it has not any direct 
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fclation to the septa. This type of colinnella is /oimd in (idhixea 
and AorojHmi hrilggdnmnnL In th(* third place, tlie columella is formed 
only by the union of tJie inner extremities of eiKK.)st'pta, In this case 
' the central up^rowtli of the basal plate iloes not take |>art in the 
columella formation. The ccdiimellae ori<4;inated from the fooner two 
means are the lru(‘ ones and th(‘ latter is the j)seudocolumella. 

As above mentioni’d, although the colum^'llai* of the present coral, 
as well as those of P(u-illi>i>i^ra (AtoDA, ’47), are d(‘\'e]oin‘d on the central 
; upg-rowtli of the basal plate, but they are mainly formed by tlie anie>n 
of the inner (^xtremitic's of (-ndosepta and tlic up^^rowAh d(H‘s not become 
their important constituents. I'herefon*, they res(‘mb]es th(‘ ])seudoco]uine]]a 
rather than the true one or it may be re<:^arded as an intennediaU' form 
between these two kinds of columellae. 

• In this sta^^e tlu; j)eriplK‘ries c>f th(^ basal plates of some pr»lyps 
become tliickened in particular, representing the orij:(ia of tlie (‘pithocal 
structure, while in the otlier polyps it does n(>t apjx^ar even in the* later 
stage. ] fowever, wlien the polyp is surrounded by fine silts or dust, 
and also when some minute algae grow thickly around it, the margin 
of the plate is apt to be thickened (Text-fig. 2, I ; id. 1 , 5). 

In the subs<Kiuent developmt^ntal stage.s tli(‘ skel(*tal structure becomes 
much more tliickened and rigid, increasing its weight day by day an<l 
the thecal wall grows mainly upward.s. In about eight days after the 
attachment tlie buds begin to bo produced in tlie lower part of the 
theca and in accordance with the increasi^ of buds and also with the 
development of their skeletons the secondary modilication results in the 
skeleton of the parent p<‘Iyp (FI. I, 3, 5). 

^ow wu'thin about a week after tlw* attachment the protocnemes, 
protoUmtacles, thrw c>xles or <'>rders of twenty-four of .septa and 
other structures liave already appeared. After this these organs above 
mentiono(J are much more strongly develojxHi, es]>ecially tln^ skeletons 
present very complicatetl structure and such as[XiCts as given above are 
maintained for a long period without any es.sential clianges. In some 
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cases, however, the polyp bears bifurcated tentacUis, seeming to be 
abnormal arKl dihering from the cas<,^ observed in Sl(}A^r<fMrea radimifi 
(] )i:'}:ri)I\N, ’04). In the latter case the entotentacles are always 

bifurcated. In otlier cas<^s of abnormality there were some polyps 
lacking some of tlx* septa (]^I. I, 5. a). 

Thus tlie fundamental development of tlie mesenteries, ttmtacles and 
skeletons is accomplished within ab<^>ut a week or nearly so after the 
attachment, and in the following stages tlie asexual reproduction or 
budding chiefly talces place. 'khe developrhental ])n>C('sses of the coral 
Siifhiph(yra plMilla/a (h'si'r’.k) clos(‘ly n^seiubTe in ali respects tliost^, of 
J\)nU()p(yr<i huUxmt {Sti:piii:nso>;, and of Piu^ilh^jxyrrt d(f)iiievnds 

(Dana) (Aioda, *47). On tlie ot]u‘r liand any conclusion 
concerning tlie m(*chanism, by which the different tyjxss of colonies are 
fu'uied, could not bc^ drawn in tlu^ pres^uit -^^vestigation, but it may be 
considered that such developmental .s<.‘qu(‘nces as above’ mentioned 
K’present an ess^.uitial features characterizing the family Seriatoporidae. 

SUMMARY 

1. Styhphyya pistiU<da (IvS^kk) is one of the reef-builfling corals 
and belongs to the family Seriatopori<lae. Some observations On tho 
larvM and the postlarval development of this kind of coral are dealt 
vith inAhe pre.scmt pajxT. 

2. The larva or planula looks brown in colour due to the 
symbiotic ZooxantliellaiJ which are to be found in th(‘ endoderm in a 
great quantity. The mesenteries are discernible as dark striation.*^ 
tlirougli the body wall. Tlie oral ajicrture fs ojicned at one ('xtremity 
of the body. 

3. In the .ectoderm a considerable number of two kinds of mucus 
glands and a few of nematocysts are present. 'I1x* ecUiderm forming 
the aboral extremity of body is considerably thickened, comprising 
the nervous elements. The stomodacum i.s more or less developed. 

4- The internal cavity of tho larva is occupied by the vacuolated 
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cMIs of tlie endodorm and th(‘ ^astro^ooloinic cavity is not yot 
dittVrentiaU'd. The cells forming the outer layer of the oadodcrm are 
arranged somewhat compact and the symbiotic algae are found among 
i^hem. Tile algae never occur in the (jctodennal tissue. 

Three" pairs of mestmteries are d(‘v^eIoped with their inner edges 
connected with the stomodaehm, viz., representing the compleh^ mes<mtor~ 
ies. AH of them hear the mesenterial fdametits along their inner 
margin. 

5. The larvae are extrude<] ev^ery month throughout the year 
according to th(‘ phase's of the moon. The planulation begins t<^) occur 
at about the time of the full moon and readies its maximum at about 
the time of the last phase of the moon. Then it is rapidly d(K:reased 
and finishes at about t\M) time of the new moon. lA)r some ten days 
before the full moon, none trf the planulae are cxi^ellod. 

6. d'lie floating fxjriod of tlie planulae lasts from one to six days. 
Most of them will settle down within thrw* days afor the extrusion 
and their majority do so on the first day of extrusion. 

7. Shortly afor the attachment, six {lairs of the protocnemes will 
ap|x?ar, of whicli four [lairs are complete and the remaining two are 
incomplete. The gastro-cot'Iomic cavity is now established. Tlie traces 
of tweK^e prototontacles will a[)[Kiar simultaneously around the mouth 
on the respective walls of tlie mes^mteric chambers. Of these tentacles 
the exotentacles are sliglitly longer than tlie endococlic ones and thost^ 
two kinds of tcmtacles are arranged alternately on the same ring, 
fanning a single U*ntacular crown. The tips of all tentacles are devoid 
of Zooxanthellae, but they bear a great number of neinatocysts. 
On about the fifth day of attachment th(j tentacles become active in 
catching some prey. ' 

8. As soon as the larva settled down the basal plate is secreted 
at the base of the polyfi. Witlxin the first day of attachment the first 
and second cycle.s or orders of septa arise from tlui basal plate and on 
the second day the third cycle or order of twelve septa will apjxjar 
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alternating with tho former two kinds of se[)ta. Th(‘se twenty-four of 
septa are sha|KHl like strait^lit rods and are not biAircated at tlieir outer 
edg<‘,s. All of the septa are arranged either bilaterally or radially and 
tlie principal septa h;ndos^^pta) of the tirst cycle an* much more 
j^rominent in length than th(^ others. 

9. outer edge's of both of the first and s(‘Cond cycle of septa 
are enlarged laterally, and tlien are fused logethc'r. Idle tips of the 
third cycle of s(‘pta an* also united with tlw»m, and thus the theca is 
constructed and at tlie same time tlie calyx is also (‘stablished. Such 
develofimcntal proc(‘ssr\s as giv^en abov<* are usually se<‘n within four 
days aft(‘r the attachment. 

10. The columella is mainly formed by the fusion of thr* inner 
edges of endosepta and thus it is like the pseudocolumclla in origin, 
d’he epithega is also formed in some polyps, while in tlie otjier polyps 
it miver ajipxiar for a long iK‘riod. These structures are usually 
develojxid witliin about a wcH'k after tlie attachmtmt. 

11. dh(^ fundamentjjil differentiation and (.levidopment of the pro- 
tocnemes, prototentacles, .si'pta and of otlier structures an* established 
within a week or nearly so, then the asexual reproduction vdll take 
place in the subse(]uent deveioimiental stages. (Jon,s<'(]uent]y the secondary 
modification of tlie skeletal structures will be se(in in accomjiany wi^h 
tho development and with the iiicreasi! of buds, ddius tln' jiresont coral 
has a strong resemblance in its postlarval developmental processes to 
another species of Seriatoporidae, viz.-^ Pnrtlh^iH^ra (hittili'orniH (u^pitom 
(Dana). 
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l‘:xpLANA j'loN Op Plate L 

1. The transverse, somewhat obliquely cut .s<K:tion of the planula 
of Stylopho'/a imtilkrta (I^spkk) throuf^h the slightly lower level than tlie 
stomodacal regitin, 5 in thickness, stained with IJeidenhain's iron 
haematoxylin and orange G. Showing the internal structure of the 
planula. x ca. 250. ect-t»cto(Jerrn ; cnd-t'ndodcrin ; mesmiesodcrm ; niT 
ntesenterial li lament ; z-Zooxdnthella. 

2. The skeleton ^of ])oly}), 5th day. of attachment, showing the 
Sf'ptal arrangement and also an origin of calyx. x ca. 65. 

3. The skeleton of polyp, 19th day o? attachmtJiit, showing the 
columella and also the secondary modification of skeleton resulting from 
the dev^clopinent of bud. x ca. 65. c-columolla ; s. b-skeleton of bud, 

4. The aboral surface of polyp shown in fig. 3. The septal 
arrangement is seen thjrough the basal plate, x ca. 65. 

5. The skeletons of ^two polyfxs of a and b, 30th day of 
attachment, both of them having one bud each. Showing the skeleton 
modified by the development of bud and also showing the {peripheral 
upgrowtli of the basal {)lat(\ In ‘‘a” only five of endosepta arc 
develofxid. x ca. 32. c-coIumella of parent polyp, cb-columella of bud. 









Km'Oct.^ OV' Tiik TdiioKr UMV/.iusrjY, 411 ! Skk. 
(Bi()i.{){iV), \’()i.. XVlIl, No. 1^ 1947, 


PHYSIOLOCilCAL STUDIHS ON THIi 
PIGMENTARY SYSTIiM OP CRUSTACP:A. 

II. tup: pigmp:nt mk'.ration in . 

Till' p:yp:s op' thI': shrimps.* 

H' 

Tamktaki- Nacano 

11} (Jont rol , r ktJcu I ’nJi'rri'i f Snhiai , .lap(Ui 

(With 2 fijnires and i pialc) 

(Riinvcd Inly .vi, 104 (>; 

IX'J'RODLK 'J'JON. 

'I'lic pigment cells in the eyes of many animals exliilnt \novcmcnts 
quite likx those seen in the mor<' usual type.s of dennal chromatophorcs. 
h hese movements, hoMa'\'c‘r, v\’ere md diseov'enal until about half a 
century ago, Althougli as c‘arly as 1S52 II. MTi i ink noted that the 
position of the re tinal pigiiK nt v.uied more or less in ditfcr(.‘nt animals, 
it was until that floi.r liiid KdnM< (1877 in<lep('ndently discovered 
that under the infUK!rice of liglit and darkness, the retinal pigment of 
tile frog moved outwards between tlie rbds and cones and inwards 
toward the bodu^s of the pigment cells. flic movement of the pigment 
in the eyes of invertebrates \vMs first rccoialed [)y hA.Ni’.K for arthropods 
in 1889. Immediately following Kxnkr’s fir.st rvpovt, there came other 
reports on various arthro[X)d.s from S I’KPANOWSk a (1890:, TCxNKR (i<S9i), 
Szc/AWINSKA (1890), llKRRICK (1891), KiKSKL (1894) ami PaRKKR (1895). 

Parkkr published the first account of a detailed study \)f pigment 
changes in the eyes of a crustacean, P(tl/(ein<nkdes Owdng to 

this and subsequent investigations, P<Lhun\unu:lef> vnJ<jHri,s is the shrim[> 
which lias been most thoroughly examined in re.S]>ect to the anatomy 

* the expense of this btudy was defrayed liy a grant to the lal*orator> of Rrof. S. N‘>mura 
from t!»e Scientific Research Expenditure of the I.>cpaTtment of Education, to wlmdi the 
autlior has tlie pleasure of taking tliis ap()ortunily to express luN cordial tiianks. 

05 
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and physiology of its compound eyes. 

Of great interest is the fact, observed rather recently, that th* eye 
pigments in .several crustaceans show a diurnal movement like that 
occurring in the chromatophores in some forms. (VVKr.Si i. ’30, ’35, ’ 3 ^’ 

Rknnitt, ’32 b ; Kr.KiNiK)!,'/, ’37^ 

Concerning the pigment cell activities in tire crustacean eyes, the 
hormonal regulation of the pigment .uigration was definitely proved 
by KlkinhOI./. (’34, ’36) in valyorl'^ and by Wki.sii (’39) in 

CthnlxiriLS. 

Recently, VVklsii (’41I reported that the regularly recurring twenty 
four-hour cycles in pigment migration in the eyes of the crayfish 

under constant external conditions might be due to regular variation 
in the activity of inhibitory nervous centers causing a variation in 
the amount of liormone released from the sinus glands. 

The present paper is the result of an attempt to elucidate the 

mechani.sm of pigment migration in the eyes of the .shrimps, Paraiyu 

<m%p>rKm (Die IIaa.n'I and Comtir (Dk Haan), with .special 

reference to its humoral control. 

The work has been carried out at the Hiological Institute of 
the Tbhoku University, Sendai. I wish to expres.s my cordial 
thanks to Prof. S)iTrnik()K.i.r Nomuka for his kind directions and 

suggestion.s. 


MATERIAL AND MICIHOD. 

Two .species of .shrimps were used for this investigation. The first 
one was the common fresh water shrimp, Parahja compt-esm, (DP Haan) 
which had been employed for my studies-on the color change. The 
next one was the common river shrimp, Lainder fHtuddem (Dk IIaan) 
which was about three times greater than the former in size. 

In either form, the female is grater than the male, but they showed 
significant dillcrences in the reactions in any of the experiments. The 
two sexes were used indiscriminately and with perfectly uniform results. 
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In order to obtain the light phase of the eyes, animals in a vessel 
were placed on a white background in diffuse sunlight for a period of 
two or three liours. At the end of tliis time the specimens were 
killed by momentary immersion in hot water (about 80^ C). This 
served to kill tlie animal c[uickly, and at the same' tiiT||e ' to fix the 
eyes» so that no furllter change in the position of the pigment cells 
WHS possible. After immersing in C’aknov’s solution overnight, their 
(.•yes were run u[) througl) tlic different goades of alcohol, cleared in 
xylol, embedded in paraffin, arul cut at lO/C The sections, while still 
in tlie paraffin ribbon, were examined with a hand lens tr) find ones 
wlierc tlie cutting had been made parallel t<* t]\e axis of ommatidia. 

No staining was accessary to show the position of the black 
[)igmcnt granules, which are insoluble in alcohol or xylol. When it 
was desired to bring out the details of the cells themselves, tlic sections 
were stained sligiitly witli 1 )elakiki J>’ s hematoxylin and cosin. 

h'or the extreme dark condition, animals were placed in a light- 
proof box witli a tight-fitting cova^r and left for two or twenty four 
hours, and tlien killed by pouring boiling water into the box in the 
absolutely dark room. The specimens were further treated in tho 
same manner as above dcscriljcd. 

The extracts of the eyc-stalks were prepared in essentially the 
same manner as described in my first reix)rt on the dermal chromato- 
phore reaction. Twenty eyas-stalks from ten animals were excised at 
their proximal ends and w^ere maccratt^ in 5 cc. of the amphibian 
Ringer solution, boiled, centrifuged, and the clear extract was decanted 
and cooled. Tlic extract was not filtered because of the small 
quantities which could be prepared at one time. As tlie control,. 
Ringer’s solution with no tissue constituents was used. Ten to twenty 
animals could be used conveniently for a single experiment. The 
ainomii; of extract for one injection ranged from 0.0 1 to 0.05 cc. 



^8 


T. NAGANO 


('^BSl-RVATIONS AXJ> KXPKKIMJCNTS. 

1). SfjKHiirt' of tin- (f Pitratjut oyni/p/H’xsa ([)]•: IIaan). 


For a ck^tailctl description of tlic finer structure of tlie crustacean 
eye and an account of tl\e mechanics of its pi^inent migration, tlic 
readers are ’deferred to the papers of PARKr:R 1^97) 

Wklsh (’30, ’32). 


'Fhe eye of Porafijit is a 
compound structure consist- 
ing of ommatidial units as 
in Pal^wriioiicics. Composing 
or related witli cMch omma- 
tidium there are tlie following 
structures : cornea (cor.) ; 
cone (con.s rhabdome (rab.J 
fenestrated Wisement mem- 
brane (ba. m.), and tlie tliree 
types of pigment cells : distal 
pigment cells (d. p c.-^iris 
pigment cells), proximal j)ig- 
ment cells (p, p. c.- ^retiiiular 
pigment cells\ and rt flecting 
pigment cells (red. p. c. -- 
accessory pigment cells or 
tapetiuji cells). (Fig. 1 .) 

In each ommatidium 
thorc are two distal pigment 
cells which form a collar 
around the cone. The cry* 
stallinc cones (the dioptric 
system) are surrounded in 
slceve-likc fashion by two 
distal pigmen cells. These 



Kig. I, Onimatidia from the eyes of 
Varatya ((nnprrMa^ Bhowinf» the j^encral stftjcturc 
ami the position of the three pigments umlcr 
various conditions. L, from an cy<: in the 
light condition ; !>, from a dark adapted eye; 
1C, from an experimental animal which, after 
iKilng adapted to darkness, was injected with 
stalk extract pre[>ared from the eyes 
adapted sptximcnH. 

Cor., cornea ; con., cone; d, p., dislsd })ignw‘nl ; 
p. p,, proximal pigment; rah., rhat){lomc ; rcfl. 
p., reflecting pigment. 
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cells ^K^sscss distal processes which extend to the cornea, ancl proximal 
portions seem to be continuous with the proximal pij^ment cells. 

IVoximally beyond the rhabdomc tlic proximal cells become 
attenuated, [)ass t}irou[:^h the fenestrated basement membrane, and, as 
retinal nerve tillers, connect witli the first optic ^^ang^Iion (lamina 
f^an{.[lionarisi. J iu'se ceUs appear to tlic only retinal cells to have 
an anatomical connection with the central nervous system. 

i he third Icind of pigment cell is the r<dlectin[^ pigment cells 
which are situated in thc‘ j^roxirnity of the basement membrane and 
are capable of moving outwards to the front face of the distal pigment 
cells and inwards alon^^ tlic retinal nerve libers as far as lamina 
^^anj^lionaris. Vroba!)]y there arc^ only one or two reflecting pij^mciit 
cells in each ommatldium. 

Hlack pif^onent tyrannies arc contained in both the distal and the 
proximal cells and the [)ifi^inents must be melanin. The reflecting 
j>igmcnt is of a different sort and probably is guanin. When this 
pigment is viewed under tlu; microscope by transmitted light, it 
appears yellowish or grecnisli brown and is barely distinguishable 
from tile black pigmcait of the proximal and distal cells,* examination 
of Ihe section by dark field illumination, liowevcr, sliows this [figment 
as a gleaning white granular mass. 

2). Nfynn/d in t/n’ Juices i^f PantUja c(nnp)'rf<m, 

The [lositions of the proximal pigment cells cliaracteristic for the 
conditions in darkness and in light arc sho^vn in iMg. l. The tlistal 
.pigment cells which have become fully adapted to darkness have 
migrated distally so that they terminate approximately at the outward 
level of the cone. In this position, according to t'.XNKU (1891), lateral 
rays of light might be admitted through one cone and tli^m be allowed 
to diffuse to the receptors of adjacent ommatidia, thereby increasing 
the efficiency of the eye. 

In the extreme proximal position, the distal pigment cells prevent 
overstimulation of the rhabdomc by' excluding lateral rays and admit 
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only those axial light rays which enter the rhabdome by way of its 
cone. 

The proximal pigment may be considered as nK>\ang in directions 
opposite to that taken by the distal pigment in response' to light and 
to darkness. in the liglit, the pigment grannies are found in a distal 
position above the basement iu^'nibranc, wTile in a dark adapted eye 
the pigment has migrated proxiinally below the basement iTiembrane. 

I'he rejecting [>igmcnt apparently aid.s in regulating the amount 
of light wliicii reaches tlic undt'rlying cells. In light the pigment 
granules are chiefly found proximaliy to the basement membrane, in 
darkness cliielly on tlie distal side of it. The inward ;nigration of the 
proximal pigment in the dark exposes tlie reflecting pigment in such 
a way tliat light wdiich has already pas.sed once through the rliabdome 
from the outside may be reflected again in order to multiply the action. 

3 ) . Kate of Mu/ratk>n of the Pk/n^it Cells in Paratifa iympressa. 

Parkkr (1897) had determined the rate of movement of the di.stal 

and proximal pigments in the eyes of P<rl(mn<o7icfeM, by maki^^g 
measurements on sections of eyes of animals wfliicli had been killed 
after varying intervals of time in the light and in the dark. By 
means of the same technique 1 found that the inw^ard migration of 
the distal pigment cells in tlie light took place in 35^45 minutes and 
the outw^ard migration in the dark in 45^55 minutes. The outward 
migration of the proximal pigment cells in the light took place in 
20-^30 minutes and the inward migration in the dark in 25-^35 
minutes respectively. 

In respect to the exact quantitative determination of rate of the 
eye pigment migration, I shall study further in future. 

4 ) . Effect of Eye-stallc Hon none, on Pignmit Migration in Pa'txtiya 

conipi'cssa. 

Two groups of tests involving tlie use of cye*stalk extract prepared 
as described above were carried out. Namely^ in the first group of 
test, the entire procedure was reversed in order to see whether the 



Pigmentary System of Crustacea, 11 


71 


eye-stalk hormone would induce a migration of the distal pigment 
similar to that produced on the pigtnent in the dermal chromatophore. 
By j)rcliminary observation 1 found that the inward migration of this 
pigment had occurred, ^ maximum being reached in those animals 
killed after 35^45 minutes in the <lark. 

When sections of eyes from the tlark adapted animals induced by 
the extract were examined histologically, the inward migration of the 
distal pigment was confirmed {</. Plate II). The proximal pigment was 
unaffected by the stalk (xtract, since it remained in the position 
typical for darkness. 'J'hc reflecting pigment, howevx'r, was observed 
to have loigratcd inward into the light adapted condition ; tliat is fo 
say, after injection of stalk extract the greater part of the reflecting 
pigment had moved below the basement membrane. 

'Ivvo control ex[>eri meats were performed for this first group of 

% 

tests. 'PJie first control was uninjected and fixed at intervals during 
the course of 30^45 minutes in the darkness. The distal pigment in 
the eyes of such control showed very .slight variations of its localization, 
but there was scarcely any significant migration of the pigment. 

The second control consisted of specimens which were first 
adapted to darkness and then injected with amphibian Kjncjkr 
solution. In none of these was there any change in the position of 
the pigments. 

In tlie second group of tests, the stalk extract was prepared from 
Paratyn which had been adapted to darkness. d'he light adapted 
animals injected with this extract were killed in cource of 55 minutes 
after that treatment and the sections of eyes tested. The pigment 
migration in this condition was not recognized. 

." 5 ). Slruetm'e of ike Eyes of Leander peiuddem (Dk MaaN) and ^Ligld 

^ffeciP in the Piyinerd Position produced Iry Injedion of COa’mhmxted 

The eyes of Leandc^' p<iucide7%s (Dk Haan), common river shrimp in 
our country, arc larger than those of 'Pa'fxityn and they are good 
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material for research of structure 
transparency of the eyes and tl 
pig^nent cells su{.;^est the pos- 
sibility of measuring the width 
of the transparent area between 
the pigment cells and the 
cornea, thus makin^^ it possible 
to obtain direct measurements 
of the movement of the distal 
pigment cells during or 

dark adaptation. This will be 
attempted in future according 
to Wklsii’s experiment. 

The structure of the eyes 
of this species closely resembles 
that of P(fr(ftiia, I^'rom tlic 
reason tlie description of the 
structure of the eyes and 
behavior of the pigment will 
be omitted. h'ig. 2.) 

Under the normal environ- 
mental conditions, light would 
cause the release of a substance 
activating the retinal pigment, 
from such an endocrine organ 
as sinus gland and the absence 
of light prevent its relca.se, but 
it is far from being cleat that 
this is the result of presence or 
absence of direct reflex excita- 
tion. A number factors, which 
are known to lower conduction 


by reason of its transparency. The 
e clear-cut boundaries of the diJital 


L D E. 



2 . Omiiiatidia from the c>esj>f 
showing tl>c general 
structure and the position of" the three 
piemen ts under various conditions. 

I., from art eye in the li^hl condition; 
1), from a dark atUpted eye; K, from an 
experimental animal which, after iKJing 
adapted to darkrtess, was injected witU 
(T>o .saturated water. 
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rate of nerves or to decrease the activity of the nervous systcin, cause 
the release of the eye pic^inent hormone from the sinus gland and 
result: in a partial or complete migration of retinal pigments to the 
light adapted positions, even thoggh animals arc maintained in 
darkness. Such factors known up to this time arc low temperature, 
oxygen-dcficicncy, anaesthesis, death, and sleep or general inactivity. 
The effects of these on retinal pigment migration, in a large number 
of artliropods, have been observed by many inv cstigators. 

1 have attempted to eliminate tlie clicct of the nervous sy^stem by' 
means of the injection of -saturated water (each dose of o.(X)5 cc.) 
into the cyc-stalk directly. For this purpose, the animals were kept in 
dark room for 50 minutes and then tlie eyes were black-paintcd by 
mixture of black ink and balsam immediately before injection. The 
sections of the eyes treated in this way sliowcd the outwanl migration 
of tlie proximal pigment, but no sign of inward migration of this 
pigment. There was, liowevcr, no cliangc in the positi<m of the 
accessory pigment and the distal pigment. fhe distal pigment was 
not situated in the extreme distal position by^ its uncompicte dark 
adaptation. (Cf. Fig. 2. E. and Plate J. M and F"j Thus the 
injection of CO^ -saturated water into the cyc-stalk causerl the cvery^ 
similar results as general inactivity. 

COMPARISON AND DISCUSSION. 

The function of distal pigment ccHs is the best known of the three 
kinds of pigment cells in the eyes of crustaceans. In bright light the 
distal pigment was proximal in position and border upon the pigment 
of the proximal pigment cells ; in darkness it was more distally located 
between the cones. In this manner the amount of liglrf: reaching the 
rhabdomes was sharply limited in bright light, wliereas in dim light the 
pigment sheaths allow most of the light available to reach the sensitive 
rhabdomc*. Thus the migration of the distal pigment is the a<laptation 
of the eyes for seeing by day and night. 
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In general, the movements of the distal pigment cells are brought 
about in two dilfercnt manners in <htfercnt decapods. 'I hus in some 
species, like Pulimiu.nwlvH and Paluiitton, the cells form a sheath around 
the cone and rhabdome of the omma.lidium and glide as a whole up 
and down ah^ng their axis. Itoth of Pfirnt^d t‘(nnpr('>w(( and Loinidvr 
jhuirlih'iuK in the present investigation showed tliis first type of migration. 
The second ty|)e of migration is represented by Aslaru^s^ (\f)idHu^u,s and 
P(Ufu,n(s, In these forms, the cell bodies remain essentially motionless 
tile level of th(' cones, and instead their pigment granules move 
inwards into the proximal processes of the cells and !)ack again to 
the bodies of the cells. 

Tlie function of the distal pigment cells of the first type was 
suggested by Pakkkr (1897; to be the result of c.-tnnbine<l amoeboid 
and muscular movements, by d'KOjAN (’13) and AIoSSLT.R (’15) to be 
akin to protoplasmic streaming. \Vkls]I (’30) noted that each of the 
two distal pigment cells contains in its interior three or four tibrils 
wdiich extend from tlie distal and of tlic cell body to tlie end of the 
proximal process, where they terminate at the level of the nuclei of 
the proximal cells. Wlicn the distal pigment cells migrate inward.s 
under the influence of light, these fibrils shorten to one-foiirtli or 
one-fifth of Iherr former length and tliicken correspondingly. WKLSil 
therefore suj;pos(es tfieru to be myofibrils and rcs))Onsih]e in the main 
for the inward migration of the distal pigment cell. 'Fhe outward 
migratiem of tlie same cells in darknc.ss can not be explained in this 
way, for the distal proccs.ses arc not confirmed to contain any .such 
fibrils. The rucchanism of this migration is also still unknown, but 
according to Parkkk (’32) some kind of primitive mu.scle-likc or 
amoeboid action may take place withi^ the distally elongated processes 
of the distal pigment cells. 

The proximal cells surround the rhafnlome and their pigment 
granules move outwards under the influence of^ liglit. Under the 
influence of darkness the granules migrated inwards. The consequence 
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is that the pigments of tlie distal and proximal pigment cells approach 
one another in the light and separate in the dark. The pigment of 
the proximal cells behave to control tlte amount of light that falls 
upon the rhabdome ; this function is carried out in correlation with 
tht‘ reflecting pigment cells. 

In light the pigment granules of the reflecting pigment cells were 
cliiefly found jjroximally to the basement membrane, in darkness 
chiefly on the distal side of it. The inward migration of the f)rc>ximal 
[)igment iii the dark exp6sc<l tlu* reflecting pigment in such a way 
that light has already passed once througli tlie rhabdome from the 
outside may be reflected again in order to multiply the action. Tlius 
it is obvious that th(‘ migration of the eye pigments are caused by 
light, but whether this eflect is ^ direct action of light upon the 
pigment cells or not was for a long time an open cjucstion. It is 

equally probable that tlic light stimulates a receptor which in its turn 

induces changes which spread to the pigment. In this instance the. 

migration of tlie eye pigments would represent tlie final stage in a 

reflex-circuit. 

If the eye pigments are directly scnsitiv'c to 'light and are not 
stimulated simultaneoasly by other means or through the ner\ous 
system, the condition of the jiigmcnts in a light adapted eye of an 
animal should have no influence on the pigments of the other eye of 
the same animal, which is covered by an opaijue paint. Cemversely, 
if tlic nervous system is involvaxl in the pigment migration, one eye 
may be influenced by the condition of the other. PARfCKH (1897) and 
Castle ('27) concluded that tlie illuminated eye was without ettVet on 
the position of the pigments in the covered eye, and that retinal 
pigment migration was independent of the central nervous system. 
Demcjll (’to, ’u, ’17), Trojan (’13), and Bennut (’24) believed, 
however, the presence of the nervous control of [ligmcnt migration in 
the compound eyes, and VON FriScti ('08) was unable to get any 
conclusive evidence from his experiments. This might be unable to be 



76 


T. NAGANO 


determined so hastily. 

Of great intere.st in this connection is the fact, observed rather 
recently, that the eye pigments in several crustaceans show a diurnal 
movement like that occurring in the chromatophores in some siK-cics. 
Thus Welsh ('30) found that the distal pigment in M(Wj obxu'hirmit by 
day a.ssumes the position cliaracteristic for light adaptation and by 
night that characteristic for ilark adaptation, independently of the 
light intensity. The same independent diurnal migration of the proximal 
pigment was found by Hennitt (’32) in Caui/xirw and by WELSH 1 ’ 35 ) 
in Welsh (’ 35 ) ^^so a diurnal migration of 

the reflecting pigment cells in JAiircvJt'x fxuwum, LraiuL;- irniu«rmif<, and 
jAdtidi'r (tf/inifi and in 1936 he obscrvcfl the same phenomenon in both 
the di.stal pigment cells and the reflecting pigment ceils in Amht^ttoidex 
avivjdrmix. I.ater investigation by ilENNlTT (’29, ’32) in Camhirw 
• corrected the old opinion and [iroved that there really is —a certain 
cfl'ect of the illumination of one eye* on the position ,of the pigment.s 
in the other covered eye of the .same animal in Camlxinin, C’ancer, 
CarcmUleH, JAhiuia, anti Ihmmras. 

In con.setiucncc of the results above described, either a nervous or 
a humoral regulation of the migration of the eye pigments might be 
postulated. Bi;nnitt (’24) suggested formerly the possibility of a 
humoral control of these functions, but did not regard it as imptula^it ; 
later- he O.32I and PARKER (’32) tliscus.sed the same view more scrioasly. 
On the other hand, WELSH (’30) was able to prevent the diurnal 
j*hythm under constant illumination by ligation ol the eye-stalk, the 
humoral hyiiolhesis has been more and more em[)haslzcd, and finally 
the theory of a humoral regulation of the migration of eye pigments 
in cru.stacea was detinitcly jiroved by Kleinholz (’34, ’36) in PaZrte- 
minief,es vubjariSx 

The action of tire pigment-activating substance is not limited witltin 
the species; c.xtracts of the eye-.stalk of Canerr in-oratus, Libhm dubia, 
Uoa ^ujiUitor, and Cnrcinidcji nuu’mm, when injected into dark adapted 
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PcitmmondrXy also affected the mig^rations of distal and proximal 

pigments. It was seen also in my experiment with Paratya ocynipre^scL 
With higher or, Jower degree of j^robability, the eye pigment migration 
is supposed to !>e connected with the cyc-stalks in higher crustaceans. 

J lie only humoral function which can unquestionably be referred to a 
definite incretory organ in tlic eye-stalk is the ])igment activating 
hormone whicli would havx its source in tlr^ sinus gland discovered 
by IIansikom. 

Recently Wixsii (’41' reported on the innervation of the sinus 
gland in thes eyes in ('(hti^xtnts Ufrinnl. According to his work, the 
motor fibers from one ^of the oculomotor nerves go to the region of the 
sinus gland, and libers from the medulla terminalis and from the 

supra-ocsopliagcal ganglion join to form the sinus gland nerve which 
can be traced into the tissue of the gland. It is suggested that tonic 
inliibitory centers in tlie medulla terminalis or supra-oesophageal 
ganglion normally prevent the release of the rt tinal pigment hormone. 

Stimulation of tlie eye by liglit reduces or abolislies the activity of 

these inhibitory centers and allows the release of hormone. The 
results of the eye pigment migration with CCb -saturated water in 
lAHindvr pa.iuiilcu.^ may be offered for thi.s evidence as well as the 
observed effects of chloretone anaesthesia, ();>-lack, low temperature 
and general inactivity by some autliors, because these factors, which 
would tend to lower tlie activity of nervous systeni, cause a migration 
of retinal pigment to or towarii the ])ositions characteristic of the light 
adaptation, even though animals are kept in the dark. 

(.'onsidcring from my own rc.sult and from those facts above 
mentioned, it may be prc>ba])le tliat tlie light adapted positions of eye 
pigments would rcprc.scnt the active stat<' of humoral control or 
inactive state of the inliibitory nervous centers; the dark adapted 
positions of eye pigmQjtf'’ would correspond to resting state of humoral 
control. 
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SUMMARY AND CONCI.USION. 

1. The coinnion fresh water shninps, Pdvatya c(^mp)rs,s(r (df JIaaN} 
and JAiandcr iHdmdens {\)K Ha an) vv'ere used in the stud^'Of the pigment 
migration in the eyes. 

2. An orninatidium is .supplied with two pigment cells, each having 
a tlistal and a proximal processes. Tltese cells form a collar around 
the cone and move inwarrls and outwards under the influence of Hglit 
and darkne.s.s, thereby aitling in regulating the amount of light 
reaching the rhabdonu.‘.s. ^ 

3. Tlic movement of the reflecting pigment was clearly recognized. 
In light the pigment granules were chiefly found proximally to the 
ha.semcnt membrane, in\jarkness chiefly on the distal sid('. of it. 

4. 7 'hc inward migration of distal pigtnent cells in I lie light took 
place in 35^45 minutes and outward migration of these pigment cells 
in the dark in 45^55 minutes. 

5. Tlie outward migration of proximal pigment cells look place 
in 20-'- 30 minutes and inward migration of this pigment cells in the 
dark in 25^35 minutes. 

6. The injection of eye-stalk extracts of light adapted Poratya 

to the dark adaf)ted individuals induced thcj'nward migration 
of the distal pigment and reflecting pigment ju.st as in light adaptation. 

7. The stalk extract prepared from dark adapted Paraiya 
had no influence on the pigment migration of eyes of light adapted 
inchViduals. 

8. The injection of CO. -saturated water to the cye-stalks of dark 
adapted T4tHuuhT pducfdniH show'cd the outward migration of the proximal 
pigment. 

9. It may "be probable that the light adapted position of eye 

pigments represents the active state caused by humor or inactive state 
of inhibitory nervous system and the dark adapted positioh of eye 
pigment.s would be inactive .state of pigment cells in the absence of 
humoral agent ♦ 
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CORRKCTIVH HFf'FXT OF a-DlNITROPHENOF 

QN THF: lithium larva of Tllli 

SILA URCHIN. 

Hy 

Is,\o Motomuka 

Rioloijical '/'(Vutkii (/tii rnstfy^ S*^(faif Jnpaii 

(Recc’ivcfl August 23, 1946) 

The cll’cct of lithium salts on the sea urcliin's embryo was observed 
for the first time by Jli:RRsr (1892). I'hc di.stortion of the [^astrulation 
is caused by decreasing the [irospective amount of tlic ectoderm'^ of the 
larva cultured in sea water containing a small amount of LiCI. 
Recently the mechanism of the cxogastrulation in the sea urchin has 
been studied by the Scandinavian embryologists, Kunnstrom (i935)» 
lIoRSTAUIUS (1928) and Rindahl (1936). 'I'hcir opinion may be 
classed as one of the gradient theories, and according to them the 
cxogastrulation is tlie result of the decrease of the animal gradient in 
comparison with the vegetative gradient. Tlic biochemical basis of 
this hypothesis is in the facts that the ef1*ective concentration of laCI 
inhibits the oxygen consumption of the larva, and that there arc s<^)mc 
rcagerUs exhibiting an antagonistic, animalizing cficct upon LiCl. 
And, moreover, the animalizalion can be caused in two directions, the 
one is to decrease the vegetative gradient, as well as tlie vegetative 
metabolism, and the other is to recover from the inhibition of the 
animal gradient, as well as the animal metabolism, of the lithium 
larva. Accordingly, the metabolism of the animal pole of the egg is 
qualitatively different from that of the vegetal pole, and the former is 
the glycolysis according to Iandaiil (193^)- 

Recently, NeeDiiam and NEKniiAM (1940) have tested the exogastru- 
lation-effect of the reagents, which arc known as the inhibitor of the 
glycolysis of the tissues of vertebrates, with the purpose of ascertaining 

Si 
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I^INDAHl/s liypotlicsis, that tlie animal i^radicnt is the concentration 
gra<Hciit of the f^iycolysis. Tlie results were negative in all three 
reagents, iodacctatc, glyccraldehyde and phloridin. Up to the present 
time, unfortunately, the effect nf LtGl on the metabolism of the cell is 
not thoroughly clear, as far as tlie writer is aware, and consecpiently 
it will he necessary to accumula1(^ many unknowm fun<lamcntal facts 
concerning the effect of lithium on the emhryogencsis of the sea urchin. 

"fhe experiment w^as carrietl out in the .summer of 1941 at Misaki 
Marine Bi<3logical station. The material usc<l was a sea urchin, 

rramr^^pina (A. A(;ASSrz). This species is very uselul for 
the study of the cxogastrulation, because the development is very 
rapid that is, 50 minutes after fertilization the lirst cleavage begins, 
the cleavage interval betng 25 minutes, and after 6 hours the swimming 
blastula hatches out, after 12 hours tlie g<istrulation begins, and after 
24 hours tile larvae become plutci. 


Tapuc I. 'J'lie effect of LiCI on the fertilized of rrafishpim. 


Amount of M/2 IdCi \ 

1 6 hours 

10 wjjter 1 

10 hours 

}* hoJis 

13 % 

j hla^tula 

l>oltom swimminj^ blastula 

di&intej^rated 

9 % 

1 

1 

1 

i inactive blastula 

(’■5 

! " 

i top swimming; blastula 

1 sluggish blastula 

48 % 

i 

" 

I /' 

j 4 ^0 

! 

i " 

I gastrula 


The effect of laCl on this species is shown in tabic I. In 13 i>er 
cent the egg could develop normally for 6 hours, but after lO hours 
the larva lo.st its normal activity, and 12 hours after all larvae 
disintergrated. In the concentrations higher than 4.8 per cent tlie 
activity of the larvae was abnormally low after 12 hours. But in 3.4 
per cent the normal gastrula developed. TIius in this species, the 
specific effect of lithium ions in indistinct in the prolonged action of a 
dilute solution of IdCL On the otltcr hand, when the fertilized eggs 
were first immersed for six hour.s in a relatively concentrated solution 
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of LiCI in sea water and then cultured farther in ordinary sea water, 
the typical effect of lithium could be odserved without losing the 
activity of tlie larva. For instance, the thus treated with 13 per 

cent of M/2 FiCI in sea water became holoentohlastiae, and with 9 
per cent and 6.6 i)er cent tlicy became exo^a.strulac and exoento^astrulae 
res])ectively. In 4.<S per cent the normal plutei were formed. Accord- 
inpdy, in tlu* follow'inp experiments tlie lithium sea water as wadi as a 
mixture of litliium sea water and ^/-dinitro[)hcmc>] was used for the first 
six hours after fertilization, and after this the w^ere cultured in 

ordinary sea water. 

I'ive parts of saturated aqueous solution of ^>t-dinitroj>hcaoI were 
mixed witli 95 Pr'trts of lO per cent lithium scsi wcater. len minutes 
after fertilization the wvre put into this mixture and after 6 

Itours they were transfered into ordinary sea water After 24 hours 
l)lutei wdth .short arms were formed. The control, 10 per cent lithium 
sea w^ater, sliowed the ty[)ical exof^astrulation. That is, the eflcct of 
10 per cent lithium was comf)letoly cancelled. But, (^s 4 :he other hand, 
aniinitrophenol did not show the animalizin^ ciVect, wdien it was singly 
atldcd to ordinary .sea water. The.se facts show that the effect ’of 
'^-dinitrophenol is not comparable with that of NaSCN and of SCVfrce 
sea water. According to Lindahl (1936) and Hkrlst (1897) the last 
two reagents show the animalizing effect even wlien they are singly 
used, and the development of the ectoderm is abnormally accelerated. 
But, in «'dinitrophenol this was not the case. And here, the mode of 
effect of a^dinitroplienol will be tentatively designated the corrective 
effccct. 

In tl\e ‘concentration of ^-dinitrophenol mentioned above the 
cleavage of the egg was completely inhibited as long as the eggs were 
hi this medium, and soon after return to sea w^atcr it recovers the 
normal process. This^ show« that the eggs became insensitive to 
lithium by being inhibited their cleavage. The inhibiting effect of 
^^"dinitrophenol on the cleavage is comparable neither with colchicin 
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nor with other narcotica. because colchicin inhibits the development 
of the cytastcr an<l spindle, whereas in a-^initrophcnol the wel 
developed cytastcr an<l the spindle were observed but the d.v.s.on o 
the chromosomes were inhibitc<l. 

SUMMARY 

The vegetalizing effect of lithium ions on the deve!oi>ment of the 
sea urchin’s eggs is cancelled by «-dinitrophenol. when «-dinitrophenol 
is added to the lithium sea water. The .node of action of «-.Un.tro- 
phenol is di.stinguishc<l from the animalizing effect of NaSCN or tliat 
■ of SO, -free sea water in the points that «-dinitrophenol did not show 
the animalization of the eggs when used alone, and that it insens.t.zes 
the eggs to lithium by inhibiting the cleavage. 
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CONTRIBUTION TO THE BIOCHEMISTRY 
OF THE CORAL 

IX. INORGANIC COMPOSITION OF THE 
SKELETON OF THE CORAL. iUNOIA 
ACTTNIFORMIS VAR. P ALAWENSIS 
DODERLEIN 

Pv 

Kki//) Jfosoi 

{Kc<.vivctl August :^ 3 , 1 *^ 46 ) 

While some cliemical data are recorded of the skeleton of corals 
in literature, wc are almost if^norant of the chemistry of the polyp. 
A [^ood knowledge of biochemical organization of the polyp is so 
much important as that of the former, particularly in understanding 
the mechanism pf skeleton formation. Therefore, the study on the 
chemical comjxi.sition of^he coral w^as firstly undertaken to fill tlie gap. 

The eight papers of biochemical study on the coral, Fimjia 
adinifiyrmls var. piihiiocmiH l)c>DEKLKiN have been so far published in 
the Talao Tropical Hiological Station Studies. The ist paper reported 
on the occurrence of glycogen and its content in the polyp (1), the 
2nd one on the occurr<;ncc of sugar and its content in the polyp (2), 
the 3rd one on the copj^cr content of the polyp and the skeleton {3), 

the 4th one on the iodine in the polyp (4), the Sth one on the 

distribution of nitrogen in the protein of the polyp (5), the 6th one on 
the calcium and carbonate in the" i^eleton (6), the 7th one on the 

fungiastcrol, a new sterol, of the polyp (7), and the 8lh one on thtj 

contents of cystine and amino acids in the polyp (8). As described 
above, biochemical studies on the coral, which were carried out by the 
present writer, dealt mainly with the chemical composition of the 
Fmhgkt v^ar. p^ilaioemis IJODERLEm. 

«5 
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The skeleton of the coral stiuHcd in the present work is irmarkably 
rich in inorganic constituents, hut poor in organic ones. A great 
portion of inorganic constituents in the skeleton consists of t. a an 
CO,. The former amounts to and th<‘ latter 52.62 (6). 1 lie 

skeleton was found to be remarkaldy poor in copper and its content 
was 0.0/4-0.090 mg The ()n‘srnt jiaper deals v/itli the other 

inorganic composition ol llic skeleton. that is, potassium, sodium, 

magne.sium, chloiine. pimsphate, sulphate and silica were determined. 

MKTHOl) AND KldUlN'S 

j'or the analysis tne skeleton was washed with redi.stilled water 
and powdered. After it liad been dried to con.stant weight at 1 lO . 
an aliquot portion was weighed out and dissolved by t]\e addition of 
dilute nitric acid. The in.soluble matters which <:onsi?%k:d [>ro!Kibly of 
organic matters, ixanained Ifttle in tjuantity in the solution and were 
destructed completely by heating with nitric acid. 1 lie nitiic acid 
solution of inorganic and organic matters tlius obtained was analy.sed 
as follows. Pota.ssium and sodium wert‘ ddeumined gravimctrically as 
chloride and the potassium as chloroplatinate. Magnesium was esti- 
mated by the gravimetric method as magnesium pyro[)hosphate. Tht' 
molybdic method was used for the determination of ])hosphate. Chlorine 
was (estimated by tlic Volliard method. Sulphate Jlnd silica were 
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(ktcnnincd by tlio gravimetric method in the usual way. I'hc results 
so obtained are shown in the fi>Howing Table. 

]V)tassium was not found to be present in the skeleton by the 
gravimetric method used. 'Fhe other inoVganic- substances determined 
in the present work were very little in ejuantity in comparison witlf 
C'a and CCk- The skeletcm of (ionjimut as well as that of Fiin'jia 
Cfjnsisls mainly of Ca and In tlic calcic skeleton of stone corals, 

niim ral constituents and orgaiiic substances have been rejK)rted to be 
t)0/>~97.9 and 2.li-<>.43 respectively. More than 95 of tlic 
mineral constituents consists of calcium carbonate, aragonite. Among 
fressil stone corals some skeletons c<'>nsist of calcite. In the skeleton 
of stone corals, phos{)Iiate and fluoride are found to be 0.3 -2.6 ^/a and 
magnesiun carbonate is present in a very ainall amount. Mineral 
constituents in tlic skeleton of amount to more tlian 9- 77 '>• 

SUMMARY 

Potassium, sodium, magnesium, chlorine, phosphate, sulphate and 
silica in the skeleton of Fuwjia (wiinIfonniH var. pdUnveimx 1 )(Jr>r:RLKiN 
were determined. 

At tins place I wish to express my hearty thanks to Dr. S. Nomura, 
Professor of Animal Phy.siology, Biological Instituted of the Tohoku 
Imperial University, for his kind revision of the present paper. 
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INI REDUCTION 

A. .cscHhc. U.C ... „a„c., . .00., .aowlcage ,.f .,ioc„c,,.icH 
• fnn of the polyp '■'i '‘-•ss important than that of 

To"* ' ..arlicularly i" a,„lcrsta..amK tlio ..leclianism ot skek-ton 
Tnl 1 . Tloao., a ..ark» of s.a<,y was undcr.ak.a u, H, 

; . ,a„ ro, wKiC. k kad kea,, so far ao, n„.«c.k As ro.-ards K 
ITI. c„„».ka«on of ..od, of HCocora.Ila, s.od.cs „a 

castitucat, of livia. n.a.crial arc wklda 

olc,aca,s of .he skele.on of Oc.ocora.ha arc wcll-kaowa for ,h^ J 
be the most favourable .aa.eri.l for aaalyUcal '““-''■ O'' 
cheoricl da,. (.9) have beea ob.aiaed ia .he scries of Hoehc^ 

«,dies oa .he coral, Fu,^i.. var. 1 )<„«..«N, 

the presen. writer wishes to describe bricBy soaic eorrelat.oa oa the 

comparative physiology of the coral. 

J Cwiipanifivc, PhyFhhHpj of The Polyp of The Cuial. 

' The Chemical Compositions 

The chemical composition of the polyp of tire coral. 
udimfin-Fm var. palaionv^l^ Dodkklein was determined as follows c 
water 83.66 ash 172 carbolrydrates 0.14 fats 3-78 
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proteins 10,70 ^/o. The chemical compositions of the bodies of variou^ 
Coe' Ion tc rata arc compared in Tabic J. 
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As shown in Table i, the percentages of the chemical composition 
of the actinoroa is different from that of the medusae. According to 
Koj 7 xmi and IlOSOl {12) the percentages of water, of ash and of 
organic substan<ces of the central part of the exumbrella of the 
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'V njeclusae arc remarkably alike to those of sea water in which they 
live. They stated also that as regards the amount of each of the 
constituents, taking the sodium as the standard (the sodium cf)ntciit 
of the annual mean SQg water is practically the same) the calcium 
and the magnesium are practically equal to or slightly less, chloride 
ion slightly greater, potassium considerably greater and sulphate 
considerablv^ less than in sea w^ater. 1 he sum of cations (or anions) 
*of the medusae is practically equal to that of the sea water (annual 
mean), and the sum of cations of the medusae is, within the 
'experimental error, equal to that of anions, and the total sum of ions 
of the medusae expressctl as grarn-ions is practically equal to that of 
the sc‘a w^ater. On the other hand tlic percentages of w'atcr, of ash 
and of organic substances of the body of the actinozoa arc considerably 
different from those of sea w^ater. From the standpoint of active 
absorption, the function of regulating the permeability in the actinozoa 
is considered to be much more dev^eloped than in the medusae. 
According to 1 losoi ( 14 ) the sea*anemone ke])t in the sea W'ater, in 
which the conceutrabon of calcium ion w^as increased by the addition 
of isotonic calcium cliioridc solution, the diflusion of water wms not 
very evident, but the calcium content of tlie animal tissue definitely' 
was iacreased. If the animal was returned into the normal sea water, 
the calcium content returned to the normal level. 'bhe sea-anemone, 
including both animal surface and coelentcron, is permeable to calcium 
ion. The fact tliat tlie calcium and the magnesiiuii of the sea-anemone 
are practically equal to or slightly less than in sea water, is of great 
interest and importance in con.sidcring the t xperiinent on the perme- 
ability of calcium in the sca-anemone and the skeleton formation of 
the coral. 

1, (Ufjcoifcn 

CxJycogcn occurs very generally in vertebrates and i.s also widely 
distributed in invertebrates. I he occurrence of glycogen lias been 
reported in various kinds of invertebrates by many authors, although 
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in most cases tJic statements seem to be based on insutlicient data. 
Giyco^en is found in all cells tliat have the possi!)iHty of [growth, 
(rlycoj^a-n, or some substance similar to it, occurs in many of the 
lower animals. Paramylum occurs in t!ic flaj^ellate lCuf:^lena. (ilycogen, 
which was identified with the giyco|:i^en of liver, was found in prote)pIasm 
of the Myxomycctes Acthalium. A substance very similar to glycogen 
has Ix'cn found in OpaJht/f, Burmrln and Vt^iiicvlh. 

]*a raglycogcn dfecurs abundantly in the gregarines. None of tliesc 
substances has been found among the porifera. How these animals 
and echinodenns store up carbohydrates is uncertain. Among the 
worms, T(U'nl^fy and glycogen appears. It is 

well-known that among the mollusca glycogen reaches its highest 
concentration. It is found in Cardiuin to the extent of 14 Yo ; in 
oyster, 9.5 Vi Perli'n musch*, 2 to 2.5 V i of Jft'lir, 3 3.5 V 

of fresh weight. Among arthropods, larger masses of glycogen occur 
in fly larvae. Among coelenterata, many species of flie hydrozoa and 
Aiiinia vquiiyt arc said to contain glycogen. Ihit there is no rcfxirt 
about the glycogen content of true corals, except that some authors 
stated colour reactions and suggested the ])re.<H;nce of^carbohydrates or 
its derivatives, (dycogen has been isolated for the first time by the 
present writer from the polyp of the coral, Fnwjia avJinifcrnnis var. 
IHiUuiicmis Dodkrlkin. It was identified as glycogen of higher animals 
by the examination of physical and chemical properties and decomposi- 
tion products. The glycogen content of the polyp amounts to about 
0.05 V’ ^ he fact that carbohydrates reserved arc found in certain 
organs of the polyp partly in the form of glycogen in order to serve 
as energy sources in the case of ncces.sity, seems to indicate that 
glycogen has the sa^ie physiological functions in corals as in higher 
animals. 

• 

2. Itedwiihg Swjara 

Concerning reducing sugar in corals we are informed no better 
than about glycogen. There is a little evidence indicating the use of 
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sugars by the protozoa. Apparently no one has found, among the 
protozoa, enzymes which are capable of digesting sugars. ' Among the 
porifera, coe^enterata, and in all liighcr groups, however, such vnzymes 
are found. Sugar suj)plics tlic energy needled for muscular and other 
work. If there b(^ an c:xcess (.>f sugar over the amount iise(J by the 
body as a .supply of energy, it may be .stored up as glycogen. As 
lias been .sated shove, sugar plays an important part in the metabolism. 
Therefore, the present autlior studied the occurrence reducing .sugar 
in the polyp of lht‘ coral, and it wa.s found to be present in t utK/in 
a(iinif(ynnl'< var. pukiwcmlH Dodkrli i.n. As to the nature of reducing 
sugar no definite .statcrtient can be made now. Ihe amount of 
carbohydrates was about 0.14 of the polyp. 

.3. ( \ y/i/a d 

It is well-known that marine animals often contain considerable 
quantities of copper (15). y\mong marine invertebrates the bloods of 
, some of the molluscs and Crustacea contain hacinocyanin, a respiratory 
pigment, whicli functions as an oxygen Crliricr. I'lie coj)per contents 
of hacmocyanins of Sepia and (Austact a, OetojM^ and Limuhi^ arc 
0.328 yof 0.38 ^yo and 0.28 respectively. .Among coelenterata the 
copper content of Ae^tnozoa rnd ridiiim and sea-anemorur is re[)ortcd to 
be 0,1 mg. j)cr loogr. of frcsli weight (i(v. TJic coi)pcr content of the 
body of Anetennia Huleaia (}’kkn.) is 0.02% of the dry sub.stance (17). 
Ihe copi^er content of the polyp of Fangui. adini/orntiH var. palutcrnMi-H 
D.inKRLEiN was determined by tlic cryogenine procedure de.scribed by 
Sakata (18). Its content amounts to 0.16 mg. per 100 gr. of the fresh 
material and about 0.0 1 % of tlie c^ry basis. Its content is lower than 
tliat of the oyster, but is of almost the same order as those reported 
by recent workers for marine invertebrates. Copper is now generally 
considered to be an important and essential constituent of the living 
organism and also essential for the growth and metabolic processes. 
The frftt that the coral contains almo.st the .same amount of copper as 
that of many rythci marine i live rtch rates indicates that the copper of 
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the coral may j>oa$ibly have the ^amc physiological functions of cc^per 
as above statc<l. 

4 . lodiyht' widaU ^ 

It is reported that a relatively large amount of iodine is found to 
be present in the organic skeleton-substance of sf>me s|;>ecies of tlu: 
coral. iodine is an essential constituent of living organisms. Of 

m 

coelcnttTata, OUdui l(>n</wKiitui (19) and Aurelift fUividaUi (20) are- reported 
to contain iodine. Kki KKNBKKt; (21) .stated that the j>olyp of 
Octocorallia contains a trace of iodine. According to C. T. MoknkR 
(22] the i)oiyj) of Octocorallia is free from iodine. I'he present writer 
determined iirstly the iodine content in the protein of the polyp with 
tlic method of Tkkvorrow' and I^'abiU'-NA (23, 24). Its content is 
about 0.46 mg. per lOO gr. of the polyp. The material subjected to the 
determination of iodine mAy possibly not contain inorganic iodine 
compounds. Therefore; tlie iodflae cstiinaistxi may t>ossibly be present 
in organic combination. TIk' total content of iodine in tlie polyp was 
not determined. 

d. Nit^'(xjcti C(.fr4ei4 

Wliilc th(x. distribution of nitrogen in the organic substance of the 
skeleton of the coral, gorgonin, has been reported by Staky and 
Anphatscurk (25), who ilctcrmincd nitrogen by the method of van 
Slvkk, there is no report about tlu.' distribution of nitrogen in tlic 
protein of the polyp of the coral. Therefore, the author determined 
the distribution of nitrogen in the protein of the iw)lyp of Fnwjiii 
var. ixiUiwejm^ DODEHLKIN with the method described by 
UxiNf. (26). * . 

The content of protcin^r including amino acids is 10.7a of The 

* 

poiyp. d^hc free amino afeids content of tlie l>oIyp warn iletejuiined by 
S(>!<knSKN's formal titration method. Its content . as glyx^ocoll was- 
about 0.13 ^ of the fresh material. The cystine content of tj^ acid 
liydrofysate of the i>olyp was determined by the modl<}i|jation of the 
Okupa^s iodine metliod (27, 28, 29). Its content amounts to 0.189 
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of the fresh tnalcrial. The nitrogen content of the polyp amounts to 
about 15.3 °/o. 


6. 8ieroh and Fnrujhtxterol 

Sterols are Important and essential substances for the hv.ng 
organism and their functions have an intimate relation w.t r t e 
activities of the cells. Cholesterol is universally present m al the 
yertebrates and also is widely distributed in invertebrates. Some kmes 
of sterols closely related to cholesterol are present m some km s 
invertebrates. Cholesterol i.s l)resent in sea-anemones, but there ,s no 
rc]K>rt about the pre.sencc and chemical properties of .steros in t ie 
irolyp of the coral. The present writer have .studied the stero o t te 
polyp oi Fuwjiu (uiinifonnm var. palawemls I KioKRLl' IN. Hie stem 
which was not identified with the known sterols, has been isolate 
the fir.st time from the polyp. . It is considered as a new r.oo.sterol by 
the examination of its properties. IdK. author has suggested the name 
“Fuynjun^erol.” Its contents in free and ester form >vere 0.06. and 
0-086 »/. of the iKilyp respectively. The physical and chemical pro,>erUcs 
of the sterol isolated in<l.cate that it may possibly has the same 
physiological function as cholesterol. 


7 . The Other ConrtUwdx 

The following substances arc provctl to be prc.scnt m Adana 
efjmmt (I-.). That is, tetramine, adenine, methylpyridilammonuim 
hydroxide and aktinin. The latter is the ba.se which has been so far 
found only in Adinia and is probably identical with well-known 
stachydrin obtained from the plant kingdom (30, 3 b 32) Opoids arc 
■ pro(fc»cd to be present in the foilwing species. 

Adijua {10), AtMMniasuMa{\*mu.) (10, n). f dawuhdw 

Pknn. Cd^idw iK,:ranit.im (10), &a<ja,im tnHjhuhjtrr JotfNST 

(10). (mku> (Vkrr.) (34). Cerianthm spec. (lo). * 

*■ A# described above the chemical data of the polyp of the coral 
arc very indfier- Tire prc.scnt writer contributed to some extent to 
the biochemistry of the polyp of the coral by carrying out a-^ries 
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of 5 tudy on the coral. 

II C(yi)hp(tr<vtiiy*^ Phym^ihujij of The SkekUm <f The Cored 

TifK C[{KMjcAL CoMBosrnoNS Of Thf Ski:lk'i<')n Of Tjii-: Cc)Kal 

There arc some chemical data on the skeleton of the coral. 
VrK;FL [^S) p^ave the followinf^ anafysis for the skeleton of Gorj^onaria : 
COj 27.5, lime 50.5, ma{.^mcsia 3, red iron oxide i, HT) 5, organic 
substance 0.5, calcium sulpliate 0.5, sorlium chloride a t)face. Valkn- 
CIENNKS (35) named the horn-mass of the axis of (iorgonaria corncin. 
Kkljkfnbfrg (21) prepared corncin from Ithipoelxjorgia flnhelluvi and 
found the occurrence of leucine and glycocolJ in the hydrolysate of 
corncin which, was obtained by heating with dilute sulphuric acid, but 
he ilid not find the presence of tyrosine and reducing sugars in tlie 
hydrolysate. Indol was isolated from corncin in the fusion with 
potash. KrukhnbkrG stiulicd the red pigment of the axis of Cor(dfiam 
rubrmn,. According to Dkechskf (36) the axis of (kyrgonUt eitvoUnl 
showed the following results: C, 49.4, H, 6.S, N, 17.2, I, 7.8, Cl, 
2.2, Also he studied the iodine compound in tiie skeleton of ( kyrgoirirtn 
ixiindinl and reportetl that tlie organic substance of the skeleton, 
gorgonin, contained 9.01 of iodine and 4.54 of sul})liur. Iodine 
occurs i^articularly in di-iodotyrosine of iodogorgonic acid which 
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amounts to 0.68 % of the axis of Gorgonaria. In the basic hydrolysate 
of coxsicin, arginine anti lysine were obtained. Mkndi'I^ (37) found 
only I.7-C.28 of iodine in (un-ijonUi flubrllun^, (iin’(j(mUt and 

Pkjrftnvd fbuninsar. Ho gave the further analysis as shown in 

Table 1 1 . 

MornkR (22) regarded gorgt)nJj^ a.s an albumoid-Iikc substance 
which was incrusted with calcium carbonate, calcium phosplTate etc. 
The sea water contained ; O.0002 % 1 , 0.008 % Br, 2. 07 C l. 
According to MornkK (22) gorgt)nin contained in niaximum : 6.9®^ I, 
4.2 % Br, 0.3 % Cl. Mornrr reported tlie content of iodine, bromine 
and chlorine in the axis building Octocorallia to which Gorgonaria 
and Tennatularia l^clong. According to Mornkr, I )kl’:cilSKL\s iodogor- 
gonic acid is 3.5 tli-iodotyrosine containing the iodine content of 
3»7 Mornkr found tlie bromogorgonic acid, namely 3.5 dibromoty- 
rosinc, in his study on Privnuxi kpadifiva L. (~" 7 \ rcHed(uforui}^ GUNN.). 
Furthermore it was found to contain : tyrosine, glycocoll, alanihe, 
leucine, asparagic acid, glutamic acid, oxalic acid. From thr various 
fractions of gorgonin the following sul).stances have been .so far 
obtained in pure form : lysatin, lysine, tyrosine, leucine, glycocoll, 
alanine, asparagic acid, glutamic acid and oxalic acid. 

1 . The hurrganw ConhjHmltum'S 

The skeleton of Fnwjht var. p<d{fuu:mis DTiUKRLKIN is 

remarkably rich in inorganic constituents, but .scarce in organic 
substances. The inorganic composition of the skeleton analysed by 
^ Taijlk III 

'H 

Inorganic conjposition of the skeleton of Fungla adinifomnh var. 
j)alovr.nsi s I >/jJ)KnLr.I>7, (%b 


N» 

0.124 

i’O, 

0^47 j Hi , OM 

Mg 

0.091 

Cl 

0.038 1 i 

Ca 

38.39 

so, 

0.464 1 !, 

Cu 

0.00082 

Sif), 

,#3^2 j r 


I 

I 

CO, 

: 52.62 j 1 
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the present writer shown in the Table IIL 

A larj^^e portion of the skeleton of (rorgonki is COo an<I lime as 
well as Fum/uL In the calcic skeleton of stonp corals, mineral 
constituents and organic substances have been rej)ortcd to be 90.6- 
97*9 respectively. More than 9 S of the mineral 

constituents consists of calcium carbonate. In the skeleton of stone 
corals, phosf)hate and fluoride are found to be 0. 3-2.6 and magnesium 
carbonate is present in a very small amount. Mineral con.stituents in 
the skeleton of Fhwj'ki adini/ontus vn.r. jxiktirni^ls ]>r)i>KRLKIN amount 
to more than 92. %. 

2 . Orgnnir CUmtpoHithmH 

As <lescribetl above the chemical data of the skeleton of the coral, 
particularly of the organic sub.stances of the skeleton are to some 
extent rcconled in literature. But there is no report about the 
inorganic composition of the skeleton of FimfUt v^ar. 

p<ilaiovtmn l)C)DERLtCTN. The (>rganic composition of tlic skeleton is not 
yet studied in series of investigation. The chemical analysis of 
the inorganic composition of the skeleton was firstly undertaken in 
clearing the mechanism of skeleton formation. 

SUMMARY 

The comparative physiology of tlic coral, Fuihgia a(iinif(^nn,ls v^ar. 
piilawviiHiH ] )r)i)i::KLKlN, was dcscrilxxi to " .some extent with some 
chemical data obtained in the scries of biochemical study on the coral 
(1-9). 
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INTRODUCTION 


During the past several decades 
Japanese scientists have made a great 
deal of contribution to the develop - 
ments in knowledge of the lakes in the 
country. Nevertheless we have stiil 
Jots of important problems to pursue. 
Among them are two themes dealt with 
in this paper, namely; first, the rela- 
tionships of the dystrophy to the vol- 
canic action, and secondly, the lake 
bacteria. 

Amongst a variety of lakes in Japan 
acid waters are of intense interest 
because they are closely linked with the 
volcanic action particularly characteris- 
tic of her. Not outstanding acidotro- 
phic lakes alone, but also dystrophic 
ones found In volcanic regions may be 
developed under the influence of the 
volcanic activity. In reality it is found 
lo be the case in bog lakes on Mount 
Hakkbda to be mentioned below. 

On seeing the limnological literature 
of this country, one would notice that, 


whilst the general animal and vegetable 
v/orld in Japanese lakes has received a 
good deal of attention up to the present, 
the bacterial populations have so far 
been ignored, little being known of 
their nature. It is deemed desirable to 
fill this gap left In our limnology. We 
cannot discuss the true economy of 
lakes without microbial activities being 
reckoned with. 

The aim of this work has been to 
disclose, in the first place, the genesis 
and features of bog lakes in the volcanic 
region of Mount Hakkbda; secondly, 
deal with their aquatic vegetation from 
an ecological viewpoint; and lastly, 
work especially upon myriad bacteria 
leading a masked existence therein. I 
have been working since the year 1939, 
availing myself of the opportunities of 
staying almost every summer in the Mt. 
HakkOda Botanical Laboratory of 
hoku University. 


D Contributionw from the Mt. IIakk5dA Botanical Lnboratoiy. No. 31. 

fluH article has partly been and will partly be published in the Japaneac language in “Seitaigaku- 
Kenkyu 
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LAKE BASINS AND LAKE WATER 


Situation. At the very northern end 
of the mountain range running length- 
wise in the midst of the Main Island 
of Japan, Mount Hakkdda, an extinct 
volcano, rises to the height of 1585 m. 
It is characterized by a number of bogs 
found here and there, and the bogs 
are interspersed with a vast number of 
pools of a dystrophic type. All these 
pools are alike in the way in which 
they have been developed, filled equally 
with brown water and inhabited by the 
same kinds of organisms. 

In one of the bogs at an altitude of 
980 m. lie four dystrophic waters with 
copious growths of a water lily, bearing 
graceful flowers in summer-time. It Is 
because of this that they are collectively 
named Suiren-Numa — literally ‘Water- 
lily ponds’". Among those by far the 
largest (20 a.) and deepest (2.5 m.) is 
Naga-Numa, with which I have worked 
principally. 

Our knowledge of the salient features 
of the bogs in this mountain is due to 
Professor Yoshii^ \ who, working par- 


ticularly with a bog called Kenashitai, 
has brought out that these level bogs 
developed directly upon volcanic ash 
are dominated by Moliniopsls japonica 
and Eriophorum vaginatum among a 
number of olygotrophic plants thriving 
there, Sphagnum being relatively few, 
and that they fall into the category of 
primary intermediate moor in Koppe’s 
sense of the word. Of the very bog 
immediately round Suiren-Numa in 
particular a detailed account of the 
vegetation has been published by 
Iwata-'. As to the pools in question 
themselves, no investigations in great 
detail have ever been made before, 
though brief observations limited to a 
single visit are not lacking. 

Morphology and Hydrology of Basins. 
The morphometric data of the four 
basins are set out in Table I. They are 
devoid of inlets, while Naga-Numa and 
Suiren-Numa, both lying on the lowest 
level, have each an outlet. These pools 
arc confined within a boggy area 
(nearly 1 ha.) surrounded by bushes 


Table I. Morphological data of luisins and features of the surface water. 



I Maximum ; 
depth 

m. 

Aiea 

sq. m. 

Water colour 
on Pi -C o 
standard 

pH’^ 

1 

Dis,^oIvcd"^ 

oxygen 

0 " 

Pennarganalc 
con; umption 
mg. pet 1. 

Naga-Numa 

2.5 

1970 

100 

4.9 

j 90 

40.1 

Suiren-Numa®^ 

1 .5 

730 

80 

5.2 

88 

40.4 

Hyotan-Nunja 

1,4 

290 , 

.50 

4.9 

99 

17.2 

Tauki-Numa 

1.0 

200 

200 

4.9 


j 51 .8 


1) At sunny midday. 2) In a clear afternoon. S) In llie nnnowei sen.'^e. 


1) Yo«hii, Y., and Hayasi, N., Sci. Rep. Toiioku llniv,, 4th aer., 19.'U, 6: 307, 

2) Iwata, E., Seitaigaku-Kenkyu, 1941, 7 : 27. 
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with stunted growths of Abies Mariesii, 
which invade the bog coming in places 
close to the borders of the pools or in 
patches. The shores are projected lake- 
ward. The bog surface is some 2 dm. 
higher than the pool’s surface at the 
waterside, and the water depth there 
measures from 1 to 5 dm. in three pools 
other than Hyotan-Numa, where it is 
deeper, viz. 3 to 6 dm. 

All tire basins are fed by seepage and 
filled with brown acid water, whose 
colours on the platinum-cobalt standard 
and hydrogen-ion concentrations are 
given in Table I, the transparency 
measured by means of the Secchi’s disk 
being 2 m. In Naga-Numa It is in- 
teresting to note that the water of 
Hyotan-Numa is much clearer than the 
others. It is noticed, on the other hand, 
that the former is at the highest point 
of this bog uneven in topography, 
Tsuki-Numa being on nearly the same 
level and Naga-Numa and Suiren-Numa 
on the lowest. These facts account for 
tin t Hydtan-Numa Is fed solely by the 
clear underground water seeping at its 
bottom, whereas In the other three the 
water supply comes from the overflow 
from HyOtan-Numa, at the height, the 
water being coloured brown on coming 
through the peat layer, though they 
may be fed in part by their own 
seepage. 

Temperature. No distinct yiermal 
conditions can be noticed in any of 
these four. Thus measurements taken 
simultaneously of the surface waters 
may give a slight difference no greater 
than 2h On the basis of observations 
time to time during summer the 
maximum temperature of the surface 
water is presumably to be about 27'" in 


midsummer. Not infrequently in that ' 
period, however, it may scarcely reach 
20 ' in the early morning, even falling 
to 15" after prolonged rain. The water 
temperature at the deepest bottom of 
Naga-Numa is conjectured to lie at 
about 15' throughout summer. Some 
temperature gradient with a temporary 
thermoclinc at a depth less than 1 m. 
takes place on bright summer days. »In 
winter it is bitterly cold and very snowy 
here, these pools being undoubtedly 
under ice then. The air temperature 
will sink even to some -20^ in mid- 
winter, and in the neighbourhood there 
lies snow invariably late into the sum- 
mer. 

Dissolved Oxygen. Dissolved oxygen 
was determined by Winkler’s method, 
Alsterberg's” modification devised for 
water rich in organic matter, etc. hav- 
ing proved to give nearly the same value 
as was obtained by the original in this 
case. As will be seen from Table I, 
more permanganate consumption, and 
hence higher content of organic matter, 
aie associated with lower oxygen con- 
tent. Moreover the more the per- 
manganate consumption, the deeper is 
the water colour. In the Menyanthes 
zone along the shallow shore, water is 
coloured more deeply with more organic 
matter than the open water, the per- 
manganate consumption amounting to 
45 to 66 mg. per 1., but especially at 
.sunny midday supersaturated, as high 
as 135%, with oxygen given out in the 
piocess of photosynthesis by littoral 
plant.s. The vertical distribution of 
dissolved oxygen determined one dull 
afternoon is as follows: — 89% In the 
surface water, 77% at a depth of 1 
and 48% in the bottom water — at a 


1) Ahterberg, G„ Biochem. Zt-^chr., 1926, 170 ; 30. 
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depth of 2 m. Thus It decreases materi- 
ally with depth. From the foregoing, it 
Jb clear that the organic matter partly 
distributed in the water and partly de- 
posited at the bottom exerts a remark- 
able effect on the reduction in the con- 
centration of 'oxygen. Actually the 
bottom mud is capable of - absorbing 
oxygen vigorously as will be seen later 
(see Part II). 


Hydrochemical Data.^> In Table II 

are given the results of chemical 
analyses of the ^surface water which 
were carried out in early autumn ac- 
cording in the main to Mancha"*, the 
detennination of carbonic acid in parti- 
cular being carried out in the field 
about noon of a cloudy day. Of parti- 
cular interest is the high content of 
sulphate ioms. This suggests that the 


Table li. Analytical results of the surface water of Naga-Numa, in mg. jier 1. 


Suspended 

matter 

1 Solids in 

1 solution 

Loss on ignition (J 1 
solids in solution 1 

cOi ! iicoj' 1 

CO3" 

1 SiC),. 

i I’O,"' 

5 

2 :> 1 

LS 


4.7 ! 4.9 i 

\ 1 

0 

j 2.,, 

j 0.05 

SOi' 

Cl' 

Ca** 

! J.V" 

Ml." ! NH/ 

1 

Noy 1 

NOj' 

19 j 

1.7 

1.0 

i o.i:. 

j 

j Irrtte 1 (1.1^ 


d 

(1 


seepage contains sulphuric acid for 
Which the volcanic activity is doubtless 
xesponsible. In reality, not far from 
here are hot springs where extrerfiely 
acid water rich in sulphuric and hydro- 
chloric acids flows. It is seen in Tab. I 
that pH is fixed at about 5.0 throughout 
the four pools irrespective of their dif- 
ferent contents of organic matter, even 
the clearest one being as acid as those 
dark in colour. The effect of the 
organic acids on the pH is apparently 
nil. It appears that it does not come 
Into Question in the presence of the 
strong mineral acid, so that they do 
not enhance the acidity. 

Acid Seepage in Relation to Bog 
Development. It seems likely that the 
acidity of the seepage itself has taken 
part in the development of the bog, 
being a deciding factor as to it con- 
currently with the cold climate. This 


reminds me of the conception of Miki ^ 
w^ho, having worked with Mizorogaike 
on the outskirts of the City of Kybto, a 
dystrophic pool receiving acid seepage, 
pointed out that most of bogs in Japan 
are bound up with volcanic regions and 
put forward the view that the acidity 
of seepage may be an important reason 
for their development. 

Lake Type. It is clear that the pools 
In question are of a dystrophic type. 
Unlike the rest, however, Hy6tan-Numa 
is characterized by a lower content of 
humus and accordingly less typical. 
The only reason for it is, as stated above, 
that this pool, in particular, is fed ex- 
clusively by seepage on account of Its 
high ^situation. It has already been 
recorded by Hada<'> that in Hokkaldb 
varied types of lakes with a startling 
contrast can be found in the same bog 
as will be mentioned later. 


1) Yoshimura showed that tlie elect rie conductivity of the p<)o] water wa^ very low, as was expected 
for such dystrophic waters (See Yo himuia, S., Ko:rh(VGaku, 19,37, p. 171). 

2) Maucha, R., Hydrocheinische Methoden in der Limnologie, 1932. 

3) Miki, S., KyotO'Fu Ship^ki-Mci* heVTenuenkinenbutsu Chbsa Hokoku, 1929, 10 : 61. 

4) Hacla, Y., Nippon-Gakujutsu Kydkai Hokoku, 1938, 13 : 431. 
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f' 

AQUATIC VEGETATION' ’ 


Distribution. Leaving only a small 
bare area in the centre of Naga*Numa, 
there thrive water plants all over the 
bottoms of the four pools. As has al- 
ready been noted by Horikawa-'> and 
Iwata, the whole aquatic vegetation 
may be divided into two zones. The 
shoreward zone Is dominated by Men- 
yanthes trifoliata, with which compara- 
tively shallow shores are fringed. This 
extends from the waterside onward up 
to depths of from 3 to 4 dm. Adjoining 
to it, lies the second zone which is 
characterized by a water lily (Nym- 
phaea japono-koreana) and covers 
most ol the pool surface to a depth of 
about 1.5 m. (seldom reaching 2 m.). 


Since the depth at water's edge may 
often measure even 5 or 6 dm., that is, 
beyond the lower limit of growth of 
Menyanthes, the Menyanthes zone is 
not developed along the whole shore but 
conlined to shallower parts. 

The quantity and the vertical distri- 
bution of each hydrophyte are given in 
Table III. Speaking broadly, no re- 
markable variation from pool to pool 
cannot be recognized in these respects. 
Menyanthes and Nymphaea in particu- 
lar are universally distributed through- 
out their own scopes of depth capable 
of growing, whereas the other plants 
grow occasionally in distinct patches. 


Table III. SjXicies of aquatics present, their quantities and vertical distribution. 


Increasing (piantities are indica'ed by increasing nambenn J to 5. 
Figure.s in brackiMs refer to the lirnits of sparst; growths. 


Sixicies 

Naga- 

Nuina 

tenant it y 

1 

.Suiren* | Hydian- 
Niuna Nuina 

Tyuki- 

Numa 

UiMtnbution 
in deptli 

Upixir j Lower 
limit 1 limit 
dm. 1 dm. 

Nynipliaca jupono-koreana 

«> 

5 

; 4 ' 

4 

a(2) 

' 15(20) 

Menyantlies trifoliata 

a 

,a 

1 

4 

1 

' 4 

UtricuJariu tcnuicauli.< 

4 

4 

! " 

4 

1 

17(20) 

Spai gallium hyper boreuin 


0 

i 4 : 

1 

3(2) 

15 

fsoetes asiutica I 

'f < 

.> ' 

1 

Z 

! 3 

2 i 

3 

i 13 

Polumogeton Fryer i 

4 ' 

a 

1 

' 0 

(» 

5(2) 

: 17(20) 

lleleocharis mnmillata 

.a 

3 

i 2 

2 

1 

10 

Scirpua Hotarui ■ 

9 

1 

i 

1 

1 

3 

DrepanocladuH fluitany (a iiios.h) 

4 

1 0 

1 


n 

1 

10 

Pbragmitep vulgaris 


1 2 

j ^ 

1 

J 

5 

Carex rhynchophysa j 

0 

i 1 

I ' 

0 ! 

1 

.a 


Batrachoypcnntim is found in every pool, comparatively abundant in IlybtumNumu in 
jwticular. 


1) 1 wifih to acknowledge gratefully the a^alstance received from Dr M. Tatewaki and Dr S. Mikiwho 

kindly made the identification of the water plantw. 

Horikawa, Y., Sci. Rep. Tbhoku Uiiiv., 4th ser., 1930, 5t 555. 



104 


t, JIMBO 


Process of Reclamation. By boring 
the bog at .several points one or two 
metres apart from the edge of Naga- 
Numa, an old lacustrine deposit inter- 
calated between the layer of older peat 
and the basal volcanic ash was dis- 
covered (see Part II). It is evident that 
reclamation has once occurred here. 
Actually every stage of reclamation is 
clearly displayed especially in this pool. 
It takes place through the following 
three steps: in the course of time, the 
Menyanthcs zone becomes progressively 
shallower owing to superimposed deve- 
lopment of the long, thick rhizomes of 
this plant, and this brings about, at 
last, colonization in it of Lobelia sessili- 
folia together with some comparatively 
large sedges, such as Carex limosa and 
C, Middendorfii. Presently, due to 
copious growths of these herbs knit- 
ting together, the water depth is 
diminished and approaches nil. Mean- 
while Scheuchzeria palustris, too, ap- 
pears sparsely. As a consequence, 
growth of Sphagnum sets in, whereby 
complete reclamation takes place ulti- 
mately, a Sphagnum-mat with Oxy- 
coccus quadripetala and Droscra ro- 
tundifolia being formed. 

Precise observation of the parts of the 
shores where there is no marked re- 
clamation now proceeding, shows that 
they are, as a rule, fringed with a very 
narrow band of Sphagnum carpet with 
the same floral composition, but with 
an insignificant bredth, as compared 
with that just mentioned. There grow 
sparsely Menyanthes, Lobelia and the 
sedges attached to the waterside. 
Lysichiton camtschatense, Hosta longis- 
sima var. brevifolia and some others, 
too, are found on the border. This 
marginal mat merges into another com- 
munity of plants covering relatively dry 


areas in the bog, where sedges are 
dominant and, in addition, grasses, 
Sanguisorba tenuifolia var. alba, Hosta 
longissima var. brevifofia, and so forth 
flourish. 

The bog surface adjacent to the pools 
is getting higher and higher, because 
there is being deposited peat all the 
time. As^a result of this, the water- 
level of the pooLs having no outlet is 
being raised. Needless to say, however, 
accumulation of the remains of aqua- 
tics on the bottom results in a decrease 
to some extent in the depth on the other 
hand. 

Except where a broad zone of un- 
stable Sphagnum-mat resulting from 
recent reclamation lies, the submerged 
.side wails of the pooLs arc of similar 
corifigulation. The upper major part of 
the side wall is nearly vertical while 
the lower minor part is much scooped. 
This interesting fact shows that the 
reclamation in the manner just men- 
tioned has occurred in the past when 
the shore was shallow, and since then 
the shore practically remained, as it 
were, stationary, neither lakeward ex- 
tension of the bog vegetation nor con- 
sequent further reduction of the pool 
.surface taking place. Therefore, unless 
any extraordinary external change will 
set in for some reason or other, the 
present morphology of the pools, on the 
whole, will last long with the exception 
of the parts where the shore Ls still 
shallow. 

Floating- Island. Lobelia, associated 
with the sedges mentioned, shows a 
tendency to grow densely at the very 
lokeward margin of the Menyanthes 
zone preferentially, held, without rooted 
in the bottom mud, by the suspended 
lips of rhizomes of Menyanthes which 
are extended lakeward. This note' 
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worthy habit of them leads to the 
initiation of reclamation from the 
outermost part of the Menyanthes zone, 
which frebuently results in formation 
of a floating island. Also after a float- 
ing island begins to develop, the growth 
of Lobelia and the sedges is vigorous 
particularly at its outer edge, and 
thereby the island tends to enlarge 
lakeward. with the consequence that the 
depth of the water at the edge often 
leaches even 1 m. The floating island, 
separated from the shore by the 
Menyanthes zone, is liable to occur 
especially at the end of a headland, 
facilitated by its subaqueous topography. 
In Naga-Numa there are three well- 
developed floating islands. Being 
moored by the tough rhizomes of 
Menyanthes the floating islands here ^ 
found are incapable of drifting about 
freely. 

I shall consider the reason why 
Lobelia and the sedges do colonize pre- 
ferentially the lakeward margin of the 
Menyanthes zone, avoiding the shallow 
interior of the zone. Lobelia may grow 
luxuriantly as well on water-logged 
peaty soil by the pools us in water. It 
•^cems mo^st likely that, when Lobelia 
germinates in spring, the shallow 
Menyanthes zone is still covered with 
snow or receives cold thaw water com- 
ing from the surrounding bog and is 
liable to be too cold to admit of the 
germination, whereajs the margin of the 
zone is facing to the open water which 
is to be warmed by sunshine. The soil 
temperature, too, is obviously then 
higher than in the water inside the 
Menyanthes zone. 

Comparison with Other Bog Lakes. 

bog lakes in question — Suiren- 


Numa—will be compared with upwards 
of one hundred pools in another bog 
called Kenashitai on this mountain, of 
which bog Prof. Yoshii has elucidated 
the general characteristics as stated 
above. The latter are small, even the 
largest and deepest one — Maru-Numa — 
having an area of 250 sq. m. and being 
nowhere more than 2 m. deep. Despite 
their properties similar to Suiren- 
Numa, a.s might be anticipated, let us 
say, a pH of about 5, non-occurrence is 
observed of some of the water plants 
grown abundantly in Suiren-Numa, 
that Ls, the water lily, Utricularia 
tenuicaulLs, and the moss, Drepano- 
ciadus fluitans. Moreover, the scarcity 
of Lobelia and the consequent lack of 
floating islands are noticed. As in 
Suiren-Numa. it is not uncommon that 
a plant occurring in one pool lacks in 
another even very close to it. It Is 
certain that this is not due to toy 
marked variation in environmental 
conditions. The failure to grow is 
probably more related to the lack of 
opportunities for seeds, etc. to be con- 
veyed from one pool to another. 

Furthermore, some comparison will 
be made of those bog lakes of Mount 
HakkPda with others found elsewhere 
in Japan. While in Hokkaid6 bogs are 
distributed also in the lowlands, in the 
Main Island as well as in regions lying 
to the south they are usually restricted 
within mountains, among which Mount 
Hukkdda is particularly rich In bogs. 
The same can be said of dystrophic 
lakes which are intimately connected 
with bogs as a rule. • 

However, bog lakes are not necessarily 
dystrophic. Hada^> classified, basing 
upon his extensive survey, bog lakes in 


U Hacla, 1938, 1. c. 
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HokkaidO and Kurile Islands into four 
types, viz. olygo-, rneso-, eu- and 
dystrophic. Of particular interest may 
be his so-called olygotrophic ones, which 
are represented by those in Sphagnum- 
bogs 1500 m. above sea-level on a vol- 
cano /called Taisetsu-San^ ^ They, 
generally 1.5 m. deep, are filled with 
acid water having a pH of 4.7 for the 
most part, but colourless with less per- 
manganate consumption — 2 to 11 mg. 
per 1. There is a deficiency of dis- 
solved matter, which is said to render 
these waters less productive, supporting 
a poorly developed vegetation. It seems 
that in this case, too, the acidity. is due 
to the mineral acid connected with the 
volcanic action. On the other hand, 
bog lakes with brown water but of a 
rather eutrophic nature are known in 
Hokkaido and in Saghalien. They 
develop, as a rule, le^s acid reactions, 
the pH exceeding 6. 

Most of typically dystrophic bog lakes 
hitherto recorded are in the mountain- 
ous centre of the country as well avS 
HokkaldO. Broadly speaking, they are 
less than a few ha. in area and no 
deeper than several metres and filled 
with water whose, pH falls within the 
range 4.5 to 5.5 and whose permanga- 
nate consumption varies from 15 to 
more than 60 mg. per 1. Hydrophytes 
of very common occurrence in them are 
as follows: Brasenia purpurea, Nym- 
phaea japono-koreana, Potamogeton 
Fryeri, Nuphar subpumilum, Niiphar 
subintegerrimum, Menyanthes trifollata, 
Equisetum palustre, Heleocharis mamil- 
lata, Scirpus Hotarul, Scirpus Taber- 
naemontani, Phragmites longivalvis, 
Carex rhynchophysa, various species of 
Utrlcularia, Batrachospermum, Spiro- 


gyra. The majority of the plants above 
enumerated equally flourish in Suiren- 
Numa, and conversely many of those 
found in the latter are among those 
listed above. Hence the aquatic vege- 
tation of Suiren-Numa is much the 
same as the other bog lakes in general 
and by no means specific. 

Floating islands are known in Japan 
especially in .shallow dystrophic lakes. 
As to the genesis of them, it has been 
described that they were formed in part 
because the projected shore broke loose 
due, for instance, to a change in the 
water-level and in part because of float- 
ing up of the layer of rhizomes of rooted 
water plants, torn up from the bottom 
owing mainly to gas evolution in the 
bottom mud in summer-time. The 
former refers only to the final stage 
which may eventually take place also 
in those like Suiren-Numa, but the 
steps involved in the course of develop- 
ment of a floating island, as stated 
above, have never been recorded before. 

Compensation Point of Isoeles. Isoe- 
tes asiatica flourishing on the bottoms 
of tbe pools at depths ranging from 3 
dm. to 1.3 m. is a small water plant 
whose height measures only several 
centimetres, and thereby provides a 
good material for such an experimenta- 
tion as on the compensation point, 
which I conducted on a clear summer 
day towards the end of August in 
Naga-Numa. 

After removed roots, an individual, 
weighed 0.8 to 1.9 g., was put in a bottle 
for oxygen-determination, which was 
filled with the surface water. A series 
of such bottles, inverted, were lowered 
to different depths with a distance of a 
half metre and kept submerged for 2% 


1) See Hada, Y., Seitaigaku-KenkyD, 1939, 5 : 267. 
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hours — from 12.45 to 15.30. Two bottles 
with the plant and two others without 
the plant — as the control — were set at 
each depth. In Table IV is set out the 


liable IV. Gain or loss in oxyKcn 
per gram of Isoetes at 
varying cleplhs. 


Depth 

Oxygen 

]>.'ihnKe 

111. 

i <•- 1 


0 ! 

j 0.33 ! 

100 

o.s 

O.JS 

! S3 

1 0 1 

Oj3 ! 


1.^ 

i O.OO 

i 2.7 

3 (1 i 

1 -0.0] j 


3,23 

1 1 

- s 


gain or loss in oxygen per gram of the 
fresh weight of the plant. It will be 
seen that the assimilation attains 
maximum at the surface, that is to say, 
in full light and the compensation point 
CK'curs at a depth of between 1.5 and 
2 m. The compensation point lies far 
below the lower limit of distribution - 
a depth of 1.3 m. 

At the same lime the penetration of 
light was measured by the use of 
the potassium iodide^sulphuric acid 
method^ ^ It is, however, impossible to 
reveal the light factor in such a brown 
lake in this way without taking the 
red light into account. Because this 
method is sensitive almost exclusively 
to the blue light which is absorbed to a 
much greater degree than the red in the 
brown water, the latter penetrating to 
greater depths. 20 c.c. each of N/10 


KI and N/2 Hj SO^ were filled into large 
test-tubes, which were lowered to vary- 
ing depths with an interval of V2 in* 
After a 32/3 hours’ exposure to light, 
from 10.05 to 13.45, the resulting libera- 
tion of iodine was determined by titra- 
tion with N/1000 sodium thiosulphate. 
The latter solution required reached 
54.3 c.c. at the surface. It fell to 5.0 
c.c. at a depth of 0.5 m., in other words, 
light was reduced to 9% of full light. 
At a depth of 1 m. most of the blue 
light was cut off from the plant, but 
0.3% being available; and, at last, at a 
depth of 1.5 m. it was practically dark, 
so far as the blue light is concerned. 
It was demonstrated in, say, Midge 
Lake’*, a brown lake in Wisconsin of 
the United States, that the blue light 
fell to' 10, 1 and less than 0.1% of that 
at the surface at depths of 0.6, 1.2 and 
2 m. respectively, whereas the red fell 
to 10, 1 and less than 0.1% at 1.8, 3.6 
and 6 m., namely the red penetrated 
three times deeper than the blue. 
Again, in Rudolf Lake in that state, the 
blue light is almost unable to penetrate 
to depths over 2 m. and at a depth of 
5 m. light consists, in fact, solely of the 
red and orange. Therefore, it is con- 
sidered that also in Naga-Numa a con- 
siderable amount of long-waved rays 
penetrates much more deeply than the 
value Just mentioned. The fact that 
the compenjation point of Isoetes lies 
at a depth of more than 1.5 m. affords 
evidence for it. 


NOTES ON ANIMAL LIFE 

In conclusion brief rrvention will be though the exhaustive treatment of It 
Blade of animal life in Suiren-Numa, is impossible 'to the writer and is out- 

i) See McCrea, R. H., J. Ecol., I92:i, U : 103. 

See Clarke, G, L., Problems of Luke Biology, 1939, 27, 
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Side the scope of this article. 

From the mud on the deepest bottom 
of Naga-Numa a good many of Chlrono- 
mus larvae were collected by means of 
the Ekman-Blrge dredge. The chief 
members of the plankton In Naga-Numa 
are rotifers, cladocera and copepods, 
each of which occur in a great number. 
Thus Okada and Horasawa" found In 
these and other bog lakes in this moun- 
tain enormous numbers of Daphnla 
lohgisplna, Chydorus .sphaericus and 


Dlaptomus paclficus, which were known 
to be plentiful in acid lakes in general. 
In addition to the zooplankton are 
frequently present desmlds as well as 
diatoms whose tests are found in large 
numbers in the bottom mud. In these 
pools newts dwell and frogs spawn, 
while fishes are absent. A variety of 
water Insects, too, pass their whole life- 
cycle or certain stages of their develop- 
ment therein. 


SUMMARY 


1. A group of bog lakes on Mount 
HakkOda, an extinct volcano, are fed by 
acid seepage containing sulphuric acid 
(19 mg. SO^" per 1.), which acid is con- 
sidered to be. linked with the volcanic 
action and, on the other hand, to be 
responsible for the development of the 
bog, concurrently with the cold climate 
there, 

2. The pH value of the brown pool 
■ water is about 5.0; the permanganate 

consumption lies between 17 and 52 mg. 
per 1. In the largest (2 a.) and deepest 
(2.6 m.) pool in particular, the bottom 
water is half-saturated with oxygen. 

3. The shore is fringed with a zone 
of Menyanthes trlfoliata, except where 
the depth at the water’s edge is too 


great. From a depth of 3 or 4 dm. on- 
ward, adjoining to this, occurs a zone 
dominated by Nymphaea japono- 
koreana. In the centre of the largest 
pool an area deeper than 2 m. is left 
free from plants. 

4, Rich colonization of Lobelia sesslli- 
folia together with certain sedges in the 
Menyanthes zone, followed by develop- 
ment of a Sphagnum-mat, leads to re- 
clamation. Lobelia tends to grow 
densely at the lakeward margin of the 
Men^hnthes zone, resulting occasion- 
ally in formation of floating Islands. 

5. The compensation point of Isoetes 
asiatica was found to lie at a depth of 
between 1.5 and 2 m. 


, J) Okada, Y., and Horasawa, L, Seilaigaku-Kenkyd, 1935, 1 : 265, 



ScilENCE REPORTS OF THE TOHOKU UNIVEKSltV. 4 TH SfeR. 

(BIOLOGY). VOL. XVIII. NO. 2, 1949. 

BOTANICAL S'fUDIES OF BOG LAKES IN A VOLCANIC REGION 
WITH SPECIAL REFERENCE TO LACUSTRINE BACTERIA, 
PART 11. BOITOM DEPOSIT. 

By 

Tai>a(j JiMruV 

Biological Institute, Tdlvoku University, Sendai, Japan* 

(Received September 30, 1948) 


BOTTOM DEPOSIT 


Recent Bottom Deposit. The bottoms 
of the pooLs are everywhere covered 
with greyish black mud without any 
particular smell. In the middle of each 
of two basins, principal and accessory, 
of Naga-Numa, there is an area deeper 
than 2 m., where water plants fail to 
grow. Here the mud, measuring some 
10 cm. in depth, is fine and soft and 
almostt free from discernible plant re- 
sidues, the only macroscopic inhabit- 
ants being Chironomus larvae. I have 
worked almost exclusively with this 
mud from the deepest plant-free bot- 
tom. The bottom mud of shallower 
parts covering Itself with vegetation is 
penetrated by the roots and rhizomes 
of water plants and of more or less 
peaty texture due to admixture of the 
remains of aquatics once grown there, 
the false bottom being noticed in some 
shallow places. 

Stratification. By boring the bottom, 
existence of a layer of volcanic ash 
underneath the mud was revealed. I 


used as a borer in this case a hollow 
piece of bamboo stem 5 cm. or so In dia- 
meter cut lengthwise into two halves, 
which, when used, were rejoined, bound 
with a string and fastened to a long 
bamboo pole. It was driven into the 
mud, being handled on a boat. The 
layer of volcanic ash is too hard to be 
pierced with such a simple bamboo 
tube, even an elaborate metallic tube 
sampler would yield no better result. 

The inability to examine beneath has 
enforced me to rely upon an indirect 
way of boring the adjoining bog and 
drawing conclusions therefrom. Co- 
lumnar samples taken from several 
spots close to the pools show four alter- 
nating layers of peat and volcanic ash 
in the bog profile. Thus, under the sur- 
face peat layer bearing the living vege- 
tation, there lies a layer of volcanic 
ash, which in its turn overlies another 
layer of older peat, and again a basal 
layer of volcanic ash comes under the 
latter. Moreover, between the older 


1) The writer repeatn the acknowledgement made in ihe previous paper in^his series to the Department 
of Education for a grant from the Scientific Research Expenditure. 

2) The mincraiogical informations involved herein are due lo the inte Prof, K. Ta kanc and to Dr K* 
Yagi, whom I desire to thank sincerely. 


109 



110 


T. JIMBO 


peat and the basal a^h at some spots 
round Naga-Numa is noticed a well- 
defined layer of veritable old lacustrine 
sediment, which witnesses reclamation 
in the past. It seems very likely that 
this old bottom deposit extends to 
beneath the present lake bottom, lying 
under' the upper ash layer and over- 
lying the basal volcanic ash. 

Of the two peat layers in the bog 
profile, the upper one is dark brown, 
while the lower is coloured almost black 
and is more compact in texture. The 
thickness of these peat layers differs 
among different places, varying from 30 
to 60 dm. in the upper and 3 to 40 cm. 
in the lower. The layer of volcanic ash 
intercalated between the recent and old 
peat layers is 4 to 20 cm. thick and 
looks grey or greyish brown, whilst the 
volcanic ash .at the base is tinged with 
a bluish hue. The former layer of vol- 
canic ash is quite the same as that 
under the bottom mud in colour and 
texture. Microscopic examination as 
well shows that both are identical in 
all respects. There is no doubt what- 
ever that these two are nothing but dis- 
tinct portions of the same layer of 
volcanic ash. 

Microscopic Findings. The volcanic 
ash underlying both the recent mud 
and the upper peat consists, beside a 
very small amount of minerals like 
crystals of feldspar, solely of fresh 
pointed fragments of pumice, which are 
transparent and colourless or with a 
brownish tint, no admixture of organic 
matter being observed. On the con- 
trary, in the basal old volcanic ash the 
pumice fragments have been con- 
siderably decomposed and have chang- 
ed opaque and lost sharpness, feldspar 


also decomposed to some extent being 
only seldom found. 

The major part of the mud covering 
the deepest plant-free bottom, whose 
loss on ignition amounts to 33%, is 
made up of mineral matter. It consists 
of the fresh hyaline fragments of 
pumice of just the same nature as that 
in the upper layer of volcanic ash. It 
is indubitable that it is derived from the 
latter, coming far from outside the pool 
and, after once suspended in the water, 
sooner or later deposited at the bottom 
together with organic matter. The mud 
contains numerous diatomaceous tests, 
pollen grains and other plant residues. 
The fossil diatoms are dominated by 
Melosira. 

The old bottom deposit beneath is very 
similar to the recent deposit with respect 
to the organic constituents, involving 
diatomaceous tests, likewise chiefly of 
Melosira, as well as vegetable remains 
including pollen grains. But, in con- 
trast to this, they are quite distinct in 
the mineral constituents. Whllstin the 
latter, as has been mentioned already, 
the pumice tragments are fresh and 
hyaline, those in the former have been 
decomposed to a large degree and con- 
sequently have lost the sharp edges and 
look opaque. It is thus clear that the 
minei'al particles in the old bottom de- 
posit are undoubtedly derived from the 
basal volcanic ash. 

Oxygen -Absorbing Capacity. Ldnner- 
blad”, working with Swedish lakes, 
demonstrated that the bottom muds of 
dystrophic waters took up a large 
quantity of oxygen when put into com- 
mon water. When 20 g. mud was put In a 
stoppered 150-c.c. bottle filled up with 
water rich in oxygen, the oxygen dis- 


I) Ldnnerblad, G.> Bol. Notihcr, 1113(1, 53. 
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appeared entirely from the water in 12 
to 18 hours in general, at times even 
in 6 and odd hours. And in this case 
pievlous sterilization exerted no re- 
markable influence upon it. However, 
those of eutrophic lakes which also dis- 
p)aved so strong an oxygen uptake as 
those of dystrophic ones lost most of the 
capacity on sterilization. On the basis 
of these experimental data he advanced 
a view that the power of strongly ab- 
sorbing oxygen widespread throughout 
the dystrophic mud.s is to be ascribed 
principally to the purely chemical re- 
diicing power ot humus, 'without the 
intervention of micro-organisms, whilst 
dial of the eutrophic muds depends 
largely upon the activity of microbes 
existing therein. 

Ldnnerblad's experiments were re- 
peated using the mud from the deepest 


Table I. l"he progress oi oxyg(*n 
absorption by mud. 
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bare bottom of Naga-Numa, and his 
findings proved to hold for our material. 
Mud taken by means of the Ekman- 
Birge dredge was put in lots of 30 g. in 
batches of 250-c.c bottles, to which was 

POLLEN-ANALYSES OF 

That the lacustrine sediment provides 
an excellent material for the pollen- 


add^d up to the top tap water saturated 
with oxygen. After stoppered without 
leaving bubbles and shaken enough, the 
bottles stood at room temperature (some 
15 to 20 ). The supernatant water in 
each of the bottles was poured into a 
bottle for oxygen-determination and the 
oxygen left was estimated by Winkler's 
method at the end of different periods, 
3, 9 and 23 hours. Besides, a series 
of bottles without mud were set as the 
control. The three cases are illustrated 
in Table I. It is there seen that 30 g. 
of mud absorbed some 1 c.c. of oxygen 
for 24 hour.s, this amount corresponding 
to more than a half of oxygen dissolved 
in the tap water in the bottle. More- 
over, on shortening the period of incu- 
bation to 10 minutes, it was brought out 
that about 0.7 c.c. of oxygen had already 
disappeared even in this short ’time. 
Tills points to the fact that quick re- 
moval of much of the oxygen took place 
III ll'ie very moment of contact. Ad- 
mixture of 0.2 g. of corrosive sublimate 
had no effect. It is evident, therefore, 
that the oxygen consumption w^as not in 
virtue of microbes. 

As has already been mentioaed, the 
water of the pools contains a brown sub- 
stance — so-called humus — which causes 
the brown coloration of the water, and 
is capable of consuming permanganate, 
and, furthermore, is responsible for the 
diminution in the amount of oxygen, in 
the water. There can be little doubt 
that the capacity of the mud to absorb 
oxygen so vigorously is due to the humus 
incorporated with it. 


LACUSTRINE SEDIMENTS 

analysis comparable with the peat of 
bogs has been shown by a number of 
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workers, notably Lundqvisti\ Gros- 
chopf"^ etc. Since some of the bogs on 
Mount Hakkdda have already been 
worked upon polien-analytically first by 
myself'’^ and afterwards by Nakamura^ ‘ 
following up my work to a greater ex- 
tent, an attempt to analyse for pollen 
the bottom deposits of the pools in ques- 
tion might be of interest. 

Columnar samples of the recent bot- 
tom deposit taken with the bamboo tube 
from the deepest spot of Naga-Numa, 
on the one hand, and those of the bog 
profile adjacent to the pool including 
the intercalated old lacustrine deposit, 
on the other, were subjected to pollen- 
ahalyses. 

It has been mentioned already that 
pollen grains incorporated into the re- 
cent and old bottom muds are very 
abundant. The most important ones 
among them are those of Abies, Pinus, 
Fagus, Quercus, Betula, Alnus, and 
Pterocarya, those of Ulmus being found 
jn comparatively small amounts. Of 
course pollen grains of other kinds of 
woody and herbaceous plants are aLso 
present, yet insignificant in the quant- 
ity, too. ^ In view of the woody species 
thriving actually in the neighbourhood, 
the above genera are conceivably to be 
represented by the following: Abies 
Marlesii, Pinus pumlla, Fagus crenata, 
Quercus crispula, Betula Ermani var. 
communis, Alnus Maximowiczll, Alnus 
pendula, Pterocarya rhoifolia, Ulmus 
laclniata. 

Here quotation in outline will be made 


<of the woody vegetation of this mouft- 
tain from papers of Yoshioka^^ The 
highest part from a height of 1400 m. 
onward is covered with dwarf pines as 
well as alpine shrubs, such as alders. 
Next to this down to 900 m. come coni- 
ferous forests dominated by Abies 
Mariesii, which are, in turn, adjoined 
beneath by deciduous forests whose 
dominant tree Is Fagus crenata. The 
upper part of the coniferous forest zone 
is occupied by pure fir woods, while the 
lower part is mixed with birches, some 
beech trees coming up to some extent. 
In the deciduous forests, associated with 
the beech trees, occur oaks, pterocaryas, 
elms, etc. Yoshioka regards the fir 
woods without or with admixture of 
birches or beeches and the pure beech 
woods as the climatic climaxes. 

Suiren-Numa do lie at a height of 
980 m., and therefore amid the zone of 
mixed forest of the fir and the beech. 
And in the very bushes immediately 
round them stunted growths of the fir 
are prominent mingling among a variety 
of trees and shrubs, among which are 
the dwarf pine, beech, oak, alder, and 
so on.«^ 

The procedure employed is the same 
as described in our earlier papers for 
the peat. 200 grains of the above eight 
genera were counted and therefrom the 
percentages were calculated. Identifi- 
cation of pollen grains was carried out 
basing upon the atlases, which had, in 
part, been prepared by me”^) and sub- 
sequently supplemented and completed 


1) LundqviMt, G., Abderhaldens Haudb. biol. Arbeitsrneth., 1925, Abt. 9, Teil 2, 427 ; Bodenablageiutigcn 
Uad Entwicklungstypen der Seen, 1927. 

2) Groschopf, P., Arch. Hydrobiol., 1936, 30 : 1. 

3) Jimbo, T., Sci. Rep. Tohoku Univ., 4th ser,, 1932, 7: 129. 

4 ) Nakamura, J., Seitaig iku-Kenkyu, 1942, 8: 18. 

5) Yoshioka, K., Seltaigaku-Kcnkyd, 19.37/1938, 3 : 187, 322, 4 : 27, 1.50, 227, 352 ; 194.3, 9 : 187. 

6) See Iwata, 1941, 1. c, 

7) Jimbd, T., Sci. Rep. Tohoku Univ., 4th «er., 1933, 8; 287. 
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Table II. Pollen-analytical results of the recent lacustrine sediment, 

given in percentages. 


Average of three columnar saii.pies. The rows between the lop and base represent levels 
with the same interval. This holds for the next table, too. 



p 

Abies 

Pinus j 

’"”T 

Fagus 1 

Quercus 

Betula j 

Alnus 

|Ptoiocurya| 

Ulmus 

T<,p 

10 

lb 1 

31 

13 

13 

7 

; 3 i 

2 


14 i 

11 1 

32 

17 

17 


' i 

1 


10 ' 

7 

40 

14 

14 

8 

5 i 

2 

Base 

9 

v5 

47 

13 

13 

3 

' 7 1 

1 

I'able III. 

I^ollen-analytical results of the Ijog profile, 
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by Nakamura. 

The results obtained are given In 
Table H and HI. 

Comparison between the recent bot- 
tom deposit and the upper peat layer — 
both being contemporary — draws at once 
attention to the peculiar fact that in the 


upper peat layer, unlike in the bottom 
mud, pollen of Pinus Is concentrated at 
the very surface. A value as high as 
43% is recorded for pine pollen at the 
uppermost level of the upper peat layer, 
whereas it falls to only 1 to 5% not only 
throughout the rest- but also in the lower 


1) Nakumura, J., Sci. Rep. Tfiboku Univ., 4;h ser„ l443, 17 ; 491, 
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peat layer. It appears to be responsible 
for it that in virtue of the presence of 
air sacs and the smallnes.s pine pollen 
is liable to float on the surface of water 
permeating the bog. That sample was 
taken actually from the very surface 
and was nothing but a rough mass of 
plant remains still retaining the oiiginal 
forms. In the pool, on the contrary, 
such pollen grains will float on the 
water surface and by no means be 
capable of lying upon the bottom to give 
' such a high value as at the surface of 
the peat. It is noted that, on the whole, 
the percentage of pine pollen is some- 
what ^higher in the mud than in the 
peat. This fact leads to the conclusion 
that, pine pollen which had fallen on 
the bog surface and was floating on the 
surface of the permeating water was 
partly washed into the pool by rain and 
so forth, and subsequently sank to the 
bottom together with what had fallen 
directly on the pool surface . Contrary 
to all expectation such a fact cannot 
at all be observed in pollen of Abies in 
spite of the marked similarity to that 
of Pinus in every respect but the much 
larger size. It is thought, at all events, 
not to float so readily as pine pollen. 

In the bottom deposit, Fagus increases 
with increasing depth, while Pinus de- 
creases. Furthermore, a tendency to- 
ward a decrease in Abis and an increase 
in Pterocarya may be recognized, but 
Quercus, Betula, Alnus and Ulmus re- 
main nearly constant. 

The values of the surface layer of 
peat are, as we have seen, ^materially 
distorted by the floating Pinus pollen, 
so that it would be appropriate to con- 
sider the values obtained by assuming , 
Pinus to be zero. In the upper peat , 
layer the marked fluctuation as Is i 
characteristic of some trees in the mud | 


is not so manifest. But no results en- 
tirely conflicting with those from the 
mud were obtained, except for the case 
of Pinus mentioned above. Similar to 
the upper peat layer, in the main, is 
the lower peat layer, and the old 
lacustrine sediment underlying it as 
well. 

Working with the bog of Kenashitai 
already referred to, I have previously 
brought out that Fagus increased and 
Abies simultaneously fell off with the 
depth remarkably. Generally Pinus 
was less abundant at lower levels, whilst 
Betula and Alnus did not behave in any 
noticeable way. Later Nakamura 
worked on three other bogs. Results 
obtained by him corroborated mine on 
the whole, and the fact that Fagus was 
more abundant and, on the contrary, 
Abies and Pinus more scarce on the 
levels nearer the surface, was much 
emphasized. Betula, Alnus, Pterocarya 
and Quercus were almost Invariable 
throughout. These findings led to the 
conclusion that in older times flourished 
deciduous trees, whose upper limit was 
higher than at present, but they after- 
wards gave way to conifers, which came 
down invading the deciduous forests. It 
seems to follow from this that there 
was a concomitant change in the climate 
getting colder and colder as time went 
on. 

The above points are not so pro- 
nounced in the results obtained in the 
present investigation regarding Suiren- 
Niima and the surrounding bog, especL 
ally in the peat, whilst they are seen 
more or less clearly in the lacustrine 
sediment. Why do the lake deposit and 
'the peat of the bog round the pool not 
Igive the same results? Although at 
^present I am unable to account for it, 
jit should be noted that the circum- 
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stances under which pollen grains were 
deposited were by no means identical. 
It is exemplified in the fact described 
above that the distortion resulting from 
the floating habit of pine pollen is seen 


in the peat alone. At least In this 
respect the lake deposit is doubtless 
more suitable for the pollen analysis 
than the peat. 


SUMMARY 


]. Blackish, soft mud covers the 
deepest plant-free bottom. It Ls capable 
of taking up a large quantity of oxygen, 
as Ldnnerblad has recorded in Swedish 
bog lakes. 

2. The bottom mud overlies a layer 
of volcanic ash. It is very likely that, 
though the volcanic ash precludes 
sampling beneath, there lies under it 
an old bottom deposit, which is actually 
found in the bog profile close to the 
water’s edge. 

3. The bottom deposits, rich in fossil 
pollen, proved to be an excellent 
material for pollen-analysis, reflecting 
the descending of conifers Invading 


deciduous woods in the past, a fact pre- 
viously brought out pollen-analytically 
by us working with the peats of bogs in 
this mountain. It was noticed, how- 
ever, that, between the lacustrine sedl- 
m.ent and the peat of bogs, there exists 
some difference in the circumstances 
under which pollen grains have been 
deposited, with the consequence that 
both the materials do not necessarily 
give the same result. 

In conclusion, I wish to express my 
be.st thanks to Prof. Y. Yoshii for the 
facilities he has offered me for carrying 
out this investigation. 
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It has been found that in many forms 
the position of the embryonic axis is 
not affected by changing experiment- 
ally the distribution of the endoplasmic 
materials in the egg cytoplasm. The 
centrifuged eggs developed normally 
with the direction of the embryonic 
axis independent to that of the centri- 
fugal force. In 1933 and 1935, the pre- 
sent writer pointed out on the basis of 
morphological observation that the cor- 
tical cytoplasm of sea urchins’ eggs 
showed no change in its structure be- 
fore and after centrjfuging, and ac- 
cordingly that the function of the 
cortical cytoplasm is preserved from the 
effect of the centrifugal force. Thus, 
it is suggested that the polarity of the 
egg is determined In the cortical cyto- 
plasm. 

Another evidence for this hypothesis 
is the behavior of the cortical cytoplasm 
in the developing egg of sea urchins. 
That is, in the course of the cleavage of 
the egg the cell boundary between the 
blastomeres is newly formed, and as 


the result, the cortical cytoplasm is not 
carried into the inner part of the em- 
bryo, but it remains always on the super- 
ficial position of the embryo. 

It Ls evident that for positive proof 
of the importance of the cortical cyto- 
plasm on the determination of the po- 
larity of the egg it is necessary to show 
the possibility of artificial alteration of 
the polarity of the egg by affecting the 
cortical cytoplasm. In the present 
paper it is presented the results obtain- 
ed from ultra-centrifuging of the eggs 
of the sea urchins, Strongylocentrotus 
pulcherrimus and Temnopleurus hard- 
wickli, an^ to note the cases of the ar- 
tificial alteration of their embryonic 
axLs. 

For centrifuging the eggs, an ultra- 
centrifuger of the air turbln type was 
used. The average number 6f revolu- 
tions per minutes was 40000, and its 
centrifugal force measured 40000 times 
gravity. As the unit of the force the 
product of gravity and time, gravity- 
minute (GM), was used. 


I. CENTRIFUGING OF THE UNFERTILIZED EGGS. 

The living egg of Strongylocentrotus ment granules. They are observed In 
pulcherrimus contains light orange pig- the cortical cytoplasm, but not in the 
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endoplasm (Motomura 1935). When the 
unfertilized eggs were centrifuged with 
the force of 1.0 - 1.5 X 10^’ GM, the 
stratification of the endoplasm in 4 
layers was observed; they ore, 1) oil 
drop' layer at the centripetal end, 2) 
clear cytoplausmic layer including the 
pronucleus, 3) yolk layer, and 4) clear 
layer at the centrifugal end. On the 
other hand, the cortical cytopla.sm. 
which contains the pigment granules, 
remained unchanged its normal po.si- 
tion. The janus green granules, which 
are also one of the structural elements 
of the cortical cytoplasm (Motomura 
1936, 1941), were not shifted. 

With the force of 5 X lO-' GM, the 
eggs were elongated, and some of then) 


were torn into two pieces of the ceri- 
tripetal and centrifugal halves. In this 
case the centripetal half contains a 
large quantity of the pigment granules, 
and this shows that the cortical cyto- 
plasm were moved to the centripetal 
side. The pigment-containing layer, 
the cortical cytoplasm, wa-s found close 
to the oil drop layer. The janus green 
granules were also shifted to the cen- 
tripetal half. . 

The cleavage pattern of the cen ri 
fuged eggs were changed according to 
the intensity of the centrifugal force. 
■When the unfertilized eggs were cen- 
trifuged vcs^th the force of 1 '■ ^M. 

they rounded up soon after fertiliza- 
tion. and were divided with the first 
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cleavage plane perpendicular to the 
stratified layers (P^ig. 1), They de- 
veloped normally and became plutei. 
When ^ the eggs were centrifuged with 
strong forces stronger than 5 ;< 10"* GM, 
on the contrary, they were divided wiUi 
the first cleavage parallel with the 
stratification (Figs. 2, 5). And the 
cleavage went on rapidly in the centri- 
fugal half, whereas in the centripetal 
end it was distinctly inhibited, or stop- 
ped (Figs. 3, 4). As a result, a large 
yellow cell with a nucleus and oil drops 
was observed in the strongly centrifuged 
cases. The eggs did not develop the 
normal larvae, but they stopped at the 
blastula stage, when the cilia developed 
only on the surface of the small cells of 

II. CENTRIFUGING OF 

As mentioned above, the unfertilized 
eggs are elongated and broken into 
pieces with a strong centrifugal force. 
This makes it difficult to see the rela- 
tion between the centrifuging axis and 
the polarity of the egg. In the following 
experiments, therefore, the eggs were 
centrifuged after the formation of the 
normal fertilization membrane. In the 
fertilized eggs of Strongylocentrotus 
pulcherrimus the stratification of the 
endoplasm appeared with the force of 
3 v: 10'"' GM. But, the yellow layer, the 
layer of the cortical cytoplasm, appear- 
ed with the forces over 5 10' GM. In 

the former case the cleavage plane was 
perpendicular to the stratification, but 
in the latter it became parallel, and as 
a result, the giant cell was formed at 
the centripetal side (Figs. 10, 11). 

In the eggs of Temnopleurus hard- 
wickii the centripetal giant cell was 
formed, if the eggs were centrifuged 


the centrifugal side. The centripetal 
large yellow cells could not develop the 
cilia. 

Those results show that w^th a strong 
centrifugal force the 'cleavage pattern 
as well as tlie morphological differentia- 
tion of the egg can be modified, and 
that the distortion depends mainly upon 
the change of distribution of the cor- 
tical cytoplasm. But as mentioned 
above, the eggs are elongated by the 
strong centrifuging, if the unfertilized 
eggs are centrifuged. They do not re- 
cover their round form. And, in many 
cases they are torn into pieces, because 
they are not enclosed in an envelope, 
such as the fertilization membrane. 


THE FERTILIZED EGGS. 

with the force of 5 •— 8 \ 10-’ GM. (Figs. 
6, 7, 8). In the centrifuged living egg 
of this species 4 layers are distinguish- 
ed; they are, 1) oil drop la^er at the 
centripetal end, 2) clear cytoplasmic 
layer with nuclei, 3) translucent 
granular layer, and 4) brown pigment 
layer at the centrifugal end. The pig- 
ment granules could be moved even 
with a W'eak centrifugal force, and coni^ 
sequontly, it is in the endoplasm. The 
manner of the effect of the centrifugal 
force on the cleavage pattern was the 
same as in St. pulcherrimus. In a weak 
centrifuging stratification of the en- 
doplasm begin to appear, the first 
cleavage plane moved to become per- 
pendicular to the. stratification. And, 
with the forcei^^bver 5 X 10^^ GM It 
showed the tendency to go parallel 
(Table 1). 

In short, the fonnation of the giant 
cells was observed also by centrifuging 



tile fertilized eggs, and the results were of sea urchins, 
the same in the mentioned two species 


Table 1. Alteration of the first cleavage plane by centrifuging 
the fertilized eggs of Temnopleurus hardwickii. 
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m. ALTERATION OF THE EMBRYONIC AXIS BY CENTRIFUGING, 


A) Strongylocentrotus pulcherrimus. 

The embryonic axis is not Influenced 
by a weak centrifuging. The present 
writer's results agreed with those re- 
ported by authorities. With a strong 
centrifugal force, on the other hand, a 
remarkable tendency of influence on 
the direction of the embryonic axis was 
observed. When the fertilized egg was 
centrifuged with the force of 8 v 10"' 
GM a giant cell was formed at the cen- 
tripetal end (Figs. 10, 11). The egg de- 
veloped to the early gastrula stage. 
Jlearly in all cases the giant cell was 
^ound in the ectoderm at the ventral 
side of the blastopore of the early gas- 
trula (Fig. 12). The result agreed with 
that in Dendraster reported by Pease 
(1939). But, the effect was so heavy 
that the egg did not develop pluteus. 

With the moderate centrifuging the 
egg developed to the pluteus, and its 
embryonic axis sho^.d a remarkable 
relation with the direction of the cen- 
trifugal force, the centrifuging axis. 
Namely, when the fertilized eggs were 
centrifuged with the force of 5 X 10"^ — 


7 X 10''' GM, several giant cells with yel- 
low pigment were formed at the cen- 
tripetal end. They were not large in 
comparison with the former case, but 
were easily distinguished from tlie cells 
of the remaining portion. At the gas- 
trula stage, the giant cells entered into 
the blastocoel in most cases, or they 
were found in the archenteron In a few 
cases (Figs. 15, 16, 17). At the early 
pluteus stage the centripetal oil drop or 
the yellow giant cells were found in the 
mesenchym or in the archenteron (Figs. 
13, 14). Sometimes, a pluteus without 
archenteron was observed, but in this 
case the skeleton and two or three giant 
cells were found In the blastocoel (Fig. 
13). From tho.se facts it is concluded 
that the centripetal end becomes the 
vegetal pole of the moderately cen- 
trifuged egg (Table 2). According to 
the writer’s opinion, Pease’s cases In 
Dendraster agree with the strongly cen- 
trifuged cases of this paper, in which 
the normal process of gastrulatlon was 
disturbed by a centripetal giant cell. 





Figs. 9—17. Strongylocentrotus pulcherrimus ; 9, normal blastula ; 10, 

11, blastula stage centrifuged shortly after fertilization with 7x10® GM, giant 
ceils were found at the centripftai side; 12, gastrula of Pease's type, giant 
cell was found at the ventral side of the ectoderm, 8 x 10® GM ; 13, 14, 

plutcus of centrifuged eggs, giant cells were found in the blastocoel, 7 x 10® 
GM; 15 — 17, sectiona of gastrula of centrifuged eggs, sibowing the giant 
cells in the blastocoel, 7 x 10® GM. 


Table 2> Position of the centripetal oil drop layer at the early pluteus 
stage of the eggs shortly after fertilization. 

(Strongylocentrolus pulcherrimus) 



Animal hemisphere 

Vegetal hemisphere ^ 

] 

Indistinct 

Total 

Apex 

Side 

1 Base 

[ Endodenn 

1 Mesoderm 

Number of eggs 

4 

10 

ifi 1 

16 1 

1 1 

1 76 1 

262 

j 

69 

437 

i 

Total 

1 

30 

338 1 

69 

1 

1 437 


ia2 Ll^OmjKA 

B> Temno^leurus hardwlckii. 

In the eggs of Temnopleurus the cen- 
trifugal pigment layer was taken the 
mark of the centrifuging axis, because 
the oil drop layer of the centripetal end 
disappeared at the gastrula stage. 

When the fertilized eggs were cen- 
trifuged with the force of 4 y lO'* GM, 

/ 

the pigment layer vvas found in the 
ectoderm as well as in the mesoderm 
and endoderm by chance (Table 3). In 
the case centrifuged with the force of 
5 X 10”' GIM, the pigment layer was 
found in the ectoderm in 73% of the 
total eggs. And, when the fertilized 
eggs were centrifuged with 8 X 10^' CIM, 


Table 3. Position of the centrifugal pigment layer at the early pluteus stage 
of the eggs centrifuged shortly after fertilization. 

(Temnopleurus hardwickii) 


Centnfu;4al 
force 
in GM. 


Aiiim 

A pex j 

liemis 

Side 

(here 

Base 

Vegetal liemispheie 

Endoderm | Mesodenn 

Indistinct 

Total 

4 X 1()‘ 

Number of eRgs 

1 

:i5 ■■ 

__ 1 

SO 

62 

88 1 52 



Total 


]J7 


]4(l 

30 

347 

5x JOii 

Number of eggs i 

IK! i 

1^ 

IPO 


i 72 1 27 

j 1 



Total 

1 

1 

350 


lOU i 

1 , . i 

30 1 

1 

486 


8xl0‘ 

Number of eggs j 

140 j 

132 

85 

^ 27 y 

T ) _ 




Total 1 

1 


3.57 


i 36 

19 

1 412 


nearly 90% of the eggs carried the pig- 
ment in the ectoderm. The centripetal 
giant cells were also found in the meso- 
derm as well as in the endoderm. The 
last mentioned two cases show remark- 
ably the tendency of coincidence of the 
embryonic axis with the direction of the 
centrifugal force. And, in Temno- 
pleiirus, as well as in St. pulcherrimus, 
the centripetal pole became the vegetal 
pole, if the fertilized eggs were centri- 
fuged with a force of a moderate In- 
tensity, with which the cortical cyto- 
plasm could be moved to the centripetal 
side. 


IV. DISCUSSION. 


In many species of sea urchins it has 
fcreen shown that the unfertilized egg is 
torn or deformed with a strong cen- 
trifugal force. According to Harvey 
(1939) the egg of Arbacla is torn with 
a force of 4 X 10^ to 8*X 10^ GM. This 
was one of the difficulties for the study 
of the effects of centrifugal force on 
the embryonic axis. In the present 


paper, therefore, the effect of deforma-, 
tion and tearing was avoided by centri- 
fuging the fertilized egg. 

The results of centrifuging of the 
fertilized eggs were the same in 
Strongylocentrotus pulcherrimus . and 
Temnopleurus hardwickii. When the 
centrifugal force was from 2 X 
4 v; 10’ GM, the first cleavage plane 
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went perpendicular to the stratification, 
and the embryonic axis developed in- 
dependently to the direction of the cen- 
trifugal force. With a centrifugal force 
over 5 x lO-- GM, the first cleavage 
plane became parallel with the strati- 
fication, and the embryonic axis was 
strongly influenced in. a way, that the 
embrypnic axis coincides with the di- 
reetioi^of the centrifugal force, ar.d that 
the centripetal end becomes the vegetal 
]K)le. 


/8 -ly 



Fi^;. 18. Scheme of centrifuged unfer- 
tilized CKR of Sf. pulcherrimus, 1 ) centri- 
petal oil drop, 2) layei of eoriicnl cytoplasm, 

’) pronuclcuM, 4) hyaline cytoplasm, 5, 

6, 7) yolk layer, 5) la>er stained with 
hi illiant cresy I blue, 6) layer stained with 
idle blue, 7) layer stained wdth neutral 
ted, 8) centrifugal hyaline layer. 

Fig, lit Scheme of gastrula .showing the 
position of tire giant cells in ll\e moderately 
centrifuged egg. 

Fig. 20. The same in the Htrongly 
c^tntrifuged egg. Pease’s type. 

Pease (1939) centrifuged the unfertil- 
ised egg of Dendraster with forces of 
45,000 to 50,000 G for 6 to 8 minutes, 
that is about 270,000 to 400,000 GM, and 
he observed the formation of the cen- 
tripetal lobe. According to him the lobe 
was found at the ventral region of the 
ectodermal tissue of gastrula in 93% of 
the total number of eggs. The present 


writer, also, observed the same type of 
deformation in the eggs -centrifuged 
beyond the optimum interusity (Fig. 12). 
And, this was one of the extreme cases 
of the effect of the centrifugal force. 
The normal process of gasirulation was 
inhibited by the centripetal giant cell. 
According to the present writer’s opin- 
ioi^, the primary influence of the cen- 
trifugal force on the embryonic axis was 
shown only in the case, in which the 
invagination of the endoderm was not 
inhibited by too large a centripetal cell. 

Runnstrom (1926), Lindahl (1932) 
and Peiuse (1929) agreed in the points, 
that the stratification has no influence 
on the polarity axis determined by the 
animal and the vegetal poles, and that 
it changes the direction of the dorso- 
ventral axis. The results reported in 
this paper do not agree with them. 

The way in which the alteration of 
the embryonic axis takes place in the 
centrifuged eggs will be discussed here. 
In St. pulcherrimus the cortical cyto- 
plasm can be marked by its own yellow 
pigment., which can easily be observed 
in blue light (Motomura 1935). In the 
strongly centrifuged unfertilized as well 
as fertilized eggs the pigment layer is 
formed close next to the oil drop layer, 
and it adjoins tide superficial cortical 
cytoplasm of the middle as well as the 
centrifugal portion of the egg. As the 
result, the cortical cytoplasm of the 
centripetal side is thick in comparison 
with the centrifugal side. And, the 
phenomena of invagination of the cen- 
tripetal side will easily be understood, 
if we assume that the Invagination 
begins at the point where the cortical 
cytoplasm has a sufficient thickness. 
The model experiments of invagination 
carried out by authorities (Spek 1918, 





Lewis 1947 and others) showed that the 
mecdianism can be interpreted with the 
difference of the colloidal nature be- 
tween the outer and the inner sides of 
the cell layer. And, it has been found 
that the cortical cytoplasm Is always 
at the superficial position till the gas- 
trulELtion begin (Motomura 1935). 

In 1936 the writer reported the cases 


of artificial formation of double tailed 
monsters in the centrifuged amphibian 
eggs. This is caiised by forming the 
secondary invagination at the animal 
pole. The mechanism of the secondary 
invagination can be explained with the 
same hypothesis. The detailed account 
of this phenomenon will be given In the 
next paper. 

:tr 


SUMMARY 


The effect of centrifugal force on the 
determination of the embryonic axis 
was tested by centrifuging the fertiliz- 
ed eggs of the sea urchins, Strongylo- 
centrotus pulcherrimus and Temno- 
pleurus hardwlckli. 

The cortical cytoplasm of the fertiliz- 
ed eggs was moved with the centrifugal 
force of oyer 5 >( 10^ gravity-minutes 
(GM). ^ 


The cleavage pattern as well as the 
direction of the embryonic axis were al- 
tered in accordance with the centripetal 
shifting of the cortical cytoplasm. 

The centripetal pole became the 
vegetal pole of the centrifuged eggs. 

The Invagination began at the point 
where the cortical cytoplasm was shift- 
ed to a sufficient thickness. 
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Twins may be produced from the 
frog’s egg by inverting it in the two cell 
stage (Schultze 1894, Wetzel 1895). In 
this case the twinning is shown to be 
due to the rotation of the interior of 
the two blastomeres in such a way that 
the direction of Invagination from the 
predetermined grey crescent are sepa- 
rated fPenners and Schleip 1928). In 
triton, twins can be obtained by con- 
stricting the egg at the two cell stage, 
or even later, in such a way that the 
region of gastrulation is divided into 
halves (Spemann 1914, 1928). In both 
of these cases the significant feature is 
that the position of the predetermined 
developing centre at the dorsal lip could 
not be changed by the experimental 
conditions. 

In 1935, the writer reported the cases 
of artificial formation of double tailed 
monsters in the centrifuged eggs of a 
toad, Bufo vulgaris formosus Boulenger 
(Motomura 1935). This is caused by 
forming the secondary invagination at 
the animal pole. The region of the 
secondary invagination acquired newly 
the capacity of the organization centre, 
J^nd as the result, the neural tube and 


tail were induced. In the preceding 
paper (Motomura 1948) it was reported 
that the mechanism of the alteration 
of the embryonic axis of sea urchins’ 
eggs by ultra-centrifuging can be ex- 
plained by assuming the thiclcness of 
cortical cytoplasm of the egg. And it 
is the purpose of this paper to contri- 
bute to a better understanding of the 
role of the cortical cytoplasm on the 
determination of the embryonic axis by 
giving a detailed description of the mode 
of production of the double tailed mon- 
sters. *** V 

The material used was the e^g of a 
toad, Bufo vulgaris formosus Boulenger. 
For centrifuging an electric centrifuger 
was used. The numbers of revolutions 
per minutes used were 1000 to 2000, 
The centrifugal force varied according 
to the distance of radius and to the 
length of time applied. The forces, 
calculating with the product of gravity 
and time, measured from 450 to 3200 
gravity-minutes (GM). The fertilized 
eggs were centrifuged before the be- 
ginning of the first cleavage without 
removing the jelly. 
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I. THE RATE OF APPEARANCE OF THE DOUBLE TAILED EMBRYOS 

BY CENTRIFUGING 


Nearly 20,000 eggs were centrifuged 
with the forces from 450 to 3200 GM. 
Althongh the susceptibility of the eggs 
were different according to the batch 
of eggs and to the time after fertiliza- 
tion, the double embryos were usually 
formed when the centrifugal force 
reached nearly the limit of tolerance of 
the egg, and therefore, the dLslntegra- 
tlon of the eggs occurred with a slightly 
stronger force than the optimum for 
the double formation. In other words, 
the eggs ol the centrifugal end of a 
centrifuging tube died, while those of 
the centripetal end developed normally. 
And, only a few eggs neighbouring the 


disintegrated ones developed the double 
tailed embryos. 

An example to show the relation be- 
tween the rate of double-tailed embryos 
and the intensity of the centrifugal 
force is given in Table 1. In this batch 
of eggs the double-tailed embryos were 
formed with the centrifugal force from 
1200 to 3200 GM. But the rate of 
mortality Increased with the intensity 
of the forces. The optimal Intensity 
measured 2000 to 2400 QM. In the 
control, using a portion of the same 
batch, no double-tailed embryo was 
observed. 


Table 1. Rate of the double-tailed embryos in centrifugeti eggs. 


Intensity of 
centrifugal force 
in GM 

Number of 
double-tailed 
eiTibiyoa 

r'^uijtber of 
single-tailed 
en biyos 
including other 
deformations 

Eggs died 

Total 

Per cent of 
double-tailed 
en^biyo for 
total living eggs 

1200—1600 

9 

443 

293 

745 

•20 

16CO-2000 i 

24 1 

170 

j 

557 

751 

12.4 

200(V-2400 

.59 

56 i 

672 

1 787 

51.3 

2400—2800 

21 

; 26 

1 

719 

766 

44.7 

2600— .3200 

i 

1 8 ! 

1 

528 

1 ' 

546 

55.5 


II. CLEAVAGE AND GA8TRULATION OF THE CENTRIFUGED EGGS 


When the fertilized eggs were centri- 
fuged strongly, the white lipoid accumu- 
lated at the upper pole, the animal pole, 
and as the result, the black pigment 
was driven away from the pole. ’The 
cleavage did not proceed, because the 
egg cytolysed beginning from the upper 
pole. When the eggs were centrifuged 
■; weakly, they developed normally. 

By centrifugal action of a moderate 
intensity, the black pigment of the 
animal pole was slightly moved, and 


this pole appeared light brown in color. 
In this case the size of the blastomeres 
at the animal pole was slightly larger 
than the normal (Figs. 1, 2). Most of 
the eggs developed normally. But in, 
some cases, the upper pole was greyish 
brown even in the blastula as well as 
the gastrula stages, and the secondary 
•Invagination began at the animal pole 
slightly later than the normal process 
of gastrulatlon, which was beginning at 
the grey crescent in the normal position 


DOUBLE EMBRYOS IN CENTRIFUGED EGGS 


129 



Fig. ], blaatuU of the centrifuged egg of the toad, prdar 
view showing the light grey field at the wnirnal pole. Fig. 
2, (he same egg, la einl view showing (he discontinuous 
change of the size of blastoineres. Figs. 4, gastrula of 
the ceritiifuged eggs showing the secondary invagination at 
the animal pole. 


of the same egg. As the result, the in-, 
vaglnatlon (Xjcuired at both the animal 
and the vegetal sides of tjae same egg 
(Figs. 3, 4, 6, and V. The directions of 
invaginations were opp>osite to each 
other. 

The relation between the stratifica- 
tion of the egg cytoplasm and the cellular 
differentiation in the gastrula stage 


was studied comparatively in serial sec- 
tions. In the cytoplasm of the centri- 
fuged egg, the centripetal lipoid layer 
was most distinct (Fig. 5). The layer 
contains diffusedly a small amount of 
meianine granules. And, it was clearly 
partitioned with a thin layer of meianine 
granules from the underlying yolk layer, 
which contains the nuclei and occupies 



Fig. 5, section of the centrifuged fertilized egg at the stage of karyogamy showing (he 
centripetal lipoid layer and the adjacent layer oi pigment and cortical cytoplasm. Figs. 6, 7, 
gaatrulae of centrifuged egga showing the »eCondary invagination at the animal pole. 
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the greater part of the egg. The super- 
ficial pigment layer, the cortical cyto- 
plasih covering the surface of the 
endopla-sm, was thin at the centripetal 
as well as the centrifugal regions, and 
it was thick at the equatorial region. It 
was also observed that a portion of the 
cortical cytoplasm with the jrigmont 
granules was shifted to the centripetal 
side, and as the result, the superficial 
layer bccanic thick sharply at the 
border between the lipoid and the yolk 
layers (Fig. 5). At the blastula stage, 
single blastocoel was formed. The 
cytoplasm of the cells of the region of 
the animal pole, the centripetal polo, 
contained a large amount of the lipoid 
and pigment granules, which are derived 
from the liix)id and pigment layers of 
the centripetal region. The cells sur- 
rounding the lateral as well as the bot- 
tom of the blastocoel contained mainly 
the yolk granules and a little amount 
of pigment. 

At the gastrula stage, depression from 
the animal pole occurred m the light 
brown region of the animal pole of the 
centrifuged egg. In many cases, the 


depression began at the margin of the 
lipoid layer in such a manner that the 
central portion of this layer was pro- 
tuberant as If it Wius the '‘yolk plug”. In 
sections the cells at the region of 
secondary invagination was as small as 
that of the equatorial la'gion, but the 
foj'nier appeared porous bcM^aiise the 
]il)oid had been dissolved away with the 
'-olvenLs. If the eggs were preserved 
careiessiy, the structure of the cells 
would be destructed easily. The cells of 
the animal pole invaginate vertically at 
the beginning, and formed the anlage of 
the secondary archenteron (Figs, G, 7) 
And later, the secondary archenteron 
grew into one side of the secondary 
blastopore, and it lay between the ecto- 
derm and the endoderm. It is a notice- 
able fact that in the course of the 
secondary invagination at the animal 
pole the me.soderm as wtII its the noto- 
chord was never formed as far as In 
»the present writer’s cases. Accordingly, 
the origin of the mesoderm of the 
secondary embryo will be in the meso- 
derm of the primary embryo. 


Ill THE STRUCTURE OF THE DOUBLE-TAILED EMBRYOS 


A) The guts. 

The guts were formed separately from 
the primary and the secondary invagi- 
nations. Usually they did not fuse each 
other. The gut of the primary invagi- 
nation was built up with large cells rich 
in yolk granules as in the normal embryo. 
The gut of the secondary invagination, 
, on the other hand, was composed of 
small prismatic cells, which contain the 
lipoid and pigment granules. In the 
majority of the caseS^ the secondary gut 
was a tube in form with an opening of 
the gut cavity at the secondary blasto- 


pore, and it was composed of the prisma- 
tic epithelium of the differentiated in- 
testine. In some cases the cuticle was 
observed at the inner surface of the 
cells of the secondary gut. Those facts 
show that, the secondary gut was de- 
rived from the cells of the centripetal 
region, and that the differentiation of 
the gut was not affected by the com- 
position of the metaplasmatic granules 
such as the yolk of any type, or lipoid, 
pigment and others. 

B) Neural tube. 

Neural tube was obseryed in all cases 
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FiR!.. 8 — If-), srut.urp <if <J<iuble tailed inon'ile^. leooueti acted from serial seelions, 
ahoNviuR tile lelatic.iis of he gull and neairal lubea of '.ho primary and the .secondary 
ctiibryifi; Gl. Gif, gu's of ,1 e primary ai'.d lire s.! ordaiy einbiyo'-. lespeetivelv ; 
Nl, Nli. liournl lubes ef fhe yriu ary and the second*. ly embryos respectively; C, 
notochord <d the piimary embryo. 
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of the secondary invagination. In some 
cases the secondary neural tube was 
independent to the primary, but in other 
cases, the two lubes fused at the an- 
terior end. And as the result of the 
latter case, the differentiation of the 
brain w^ usually mhibited. It was a 
remarkable fact that the dorso- central 
axis of the secondary embryo developed 
at the beginning in coincidence with 
that of the primary embryo. In other 
words, the neural plate of the secondary 
embryo was formed at the dor.sal side 
of the egg, although the direction of 
the cranio-caudal axis of both embryos 
was inverse to each other. This shows 
that the direction of the dorso-ventral 
axis of 'the secondai'y invagination is 
determined by the original dor.so- 
ventral axis of the egg. 

C) Mesoderm. 

As mentioned above, the differentia- 


tion of the notochord was not accom- 
panied with the secondary invagina- 
tion, while in the normal as well as in 
the primary embryo of the double tailed 
monster it Ls the case. But as the in- 
duction of the neural tube was observed 
in all cases of the secondary embryo of 
the double-tailed monsters, the capacity 
of induction must be due to the 
secondary invagination, the .secondaiy 
gut In some well developed double- 
tailed embryos, myotomes were observed 
ot both sides of the .secondary neural 
tube. But the cells were easily dis- 
tingui.shed from the secondary gut, and 
they showed similar structure to the 
mesoderm of the primary invagination. 
Therefore, it is probable that the origin 
of the mesoderm of the .secondary- 
embryo will be in the mesoderm of the 
primary embryo. 


IV. DISCUSSION 


As mentioned above, the secondary 
invagination was caused by centrifuging 
the egg of the toad. In this case the 
cells of the animal pole developed into 
the' endodermal tissue, the prismatic 
epithelium of the gut, notwithstanding 
their presumptive, meaning. It is also 
evident that the endoplasmic materials 
of the egg did not determine the fate 
of the cellular differentiation, because 
the cells of the .secondary gut have no 
yolk granule, which is abundant in the 
cells of the primary gut. Next, It is a 
well known fact in the amphibian egg 
that the place where the Invagination 
took place, became the center of organi- 
zation. And, because in the above men- 
tioned experiments the Invaginations 
occurred in two different regions, the 
organization center became two In one 


egg. But it is only a fact common to 
both organization centers that the ecto- 
derm was underlaid with the invagi- 
nated cells, although the development 
of the invaginated cells is different be- 
coming a gut or notochord. The capa- 
city of induction m4y be. therefore, 
caused by the activity of the cells, but 
not by a special substance. The present 
writer is inclined to believe that the 
induction substance, if any, will 
produced as a result of the activity of 
the cytoplasm of the Invaginated cells. 

The activity of the cytopla.sm will be 
Increased, if the cell contains a large 
amount of protoplasm Instead of deuto- 
plasm. And if we assume that the 
cortical cytoplasm Is mainly compose 
of the protoplasm, then the cytoplasmic 
activity will be large at the place where 
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the cortical cytoplasm Ls accumulates 
in a natural or in an artificial way. 
According to the writer’s observations, 
the secondary invagination was observed 
In the centrifuged eggs of the toad in 
which the cortical cytoplasm was ac- 
cumulated beneath the centripetal 
lipoid layer. And as the cells of the 
secondary gut contained a large amount 
of lipoid and pigment granules, it is 
evident that they will have the majority 
of the cortical cytoplasm which came 
together to the subpolar region by the 
effect of the centrifugal force. In the 
centrifuged eggs of the sea urchins, 
also, the centripetal pole became the 
vegetal pole, if the cortical cytoplasm 
accumulated to the centripetal side 
(Motomura 1946, 1948). Those facts 
show that the physiological dominant 
of the egg cytoplasm in Child’s sense 
(Child 1924) is mainly determined by 
the relative volume of the cortical cyto- 
plasm in the blastomeres. 

It has been advocated by Dalcq and 
Pasteels (1937) that the morphogenetic 
potential of the parts of the amphibian 
egg is determined by the mutual action 
of the cortical cytoplasm and the yolk. 
And they drew a schematic figure of the 
distribution of the morphogenetic poten- 
tial on the bases of their calculation. 
Their scheme showed a remarkable 
coincidence with the map of anlage of 
the amphibian egg offered by Vogt 
(1926, 1929). Contrary to them, it has 
already been maintained by the writer 
that the cortical cytoplasm is the most 
important factor for the determination 
of the embryonic axis (Motomura 1933, 
1935). The facts that the position of 
the dorsal Up has been firmly deter- 
mined before the determination of the 
direction of the Invagination (Fenners 
and Schlelp 1928, Motomura 1935) and 


that the direction of invagination can 
be more easily changed than the posi- 
tion of the dorsal lip, will show the Im^ 
portance of the cortical cytoplasm on 
the determination of the first step of 
development. 

There hajc been numerous attempts 
to find a mechanical explanation of 
gastrulation. Several kinds of models 
have been constructed that turn in 
when the arrangement are such that 
the inner surface of one part of the 
wall absorbs fluid from the interior 
faster than the outer wall (Spek 1918, 
Lewis 1947). It has been shown by the 
centrifuging experiments that the 
cortical cytoplasm is viscous in com- 
parison with the endoplasm (]\|otomura 
1933, 1935, 1941). And because the cell 
boundary between the blastomeres is 
newly-foimed in the course of cleavage, 
the cortical cytoplasm Ls not carried into 
the inner part of the embryo, but re- 
mains always on the surface of it, even 
at the beginning of gastrulation (Moto- 
mura 1935). Accordingly, if we assume 
the difference of velocity of hydration 
between the cortical cytoplasm and the 
endoplasm, the mechanism of invagina- 
tion will be explained with the models 
constructed by the authorities. And in 
fact, it was shown by the writer that 
the invagination took place at the point 
where the thickening of the cortical 
cytoplasm was forced by centrifuging in 
the eggs of the sea urchins and of the 
toad. It must also be noted that the 
sudden change of the thickness of the 
cortical cytoplasm will help the invagi- 
nation. In the above mentioned cases 
of the secondary invagination as well 
as in the normal dorsal lip the size of 
the blastomere shows a sharp difference 
in the upper and the lower region of 
the lip. 
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In short, the phenomena of the 
secondary invagination of the toad as 
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well as the artificial alteration of the 
embryonic axis of the eggs of the sea 
urchins by centrifuging will be explained 


by the local difference of thickness of 
the cortical cytoplasm. The writer 
thinks that the cortical cytoplasm of 
the egg i.s carved in relief so as to 
determine the position of the embryo, 
and that the region where the cortical 
cytoplasm is thickest becomes the point 
of invagination, the center of organiza- 
tion. The relative difference of the 
potencies of differentiation in the dorsal 
and ventral regions of the egg will be 
also illustrated with the same hypo- 
thesis, the difference of thickness of the 
cortical cytoplasm (Fig. IH) 

Accordingly, it is not necessary to 
.suppose the qualitative difference of the 
region of the cortical cytopla-sm. And, 
for the explanation of the omnipotent 
development of the cortical cytoplasm 
it must be concluded that the cortical 
cytoplasm of the egg is the harmonic 
equipotential system. 


SUMMARY 


A detailed observation on the double- 
tailed monsters obtained by centrifug- 
tng the eggs of a toad, Bufo vulgaris 
I’ormosus were leported. When the 
fertilized c,gg is centrifuged before 
the first cleavage, Invagination takes 
place in the two distant points of the 
egg: one the normal dorsal lip, which is 
in the vegetal hemisphere, and the other 
the secondary invagination at the 
animal pole. A double-tailed monster 
develops from the egg. The position of 
the primary dorsal lip was not affected, 
even after the materials in the endo- 
plasm had been redistributed by the 
Centrifugal force. The position of the 
dorsal lip is predetermined in the 
cortical cytoplasm before the first 
cleavage. The secondary invagination 
was caused by the accumulation of the 


cortical cytoplasm beneath the centri- 
petal lipoid layer 'due to the specific 
gravity. The deutoplasm showed no re- 
markable effect on the differentiation 
of the endoderm of the primary as well 
as the secondary guts. The neural tube 
and the tail were induced by the 
newly-formed seccaidary gut at the 
animal pole. But the notochord and 
the mesoderm were not formed with the 
celts of this region. The polarity of the 
egg will be determined by the local 
difference of the thickness of the cor- 
tical cytoplasm. The region of the egg 
where the cortical cytoplasm is thickest 
becomes the point of invagination. It 
was deduced that the cortical cytoplasm 
of the egg is the harmonic equipotential 
system. 
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INTRODUCTION 


Recent Investigations showed that 
each species of Paramecium caudatum 
consists of subdivisions of mating types 
and groups (Sonneborn, 1937, 1938; 

Jennings, 1938, 1939; Gilman, 1939, 1941; 
etc.). Japanese clones of Paramecium 
have never been studied from such a 
point of view as far as known to the 
writer. In the present paper is given 
the result of testing of the mating 


types of the clones of Paramecium 
caudatum collected from different 
localities in Japan. Some experiments 
on the conditions of conjugation were 
also carried out. 

Before proceeding, the writer wishes 
to express his hearty thanks to Prof. 
Dr. Isao Motomura under whose guid- 
ance these experiments were carried 
out. 


MATERIAL AND METHOD 


Fourty three clones of Paramecium 
caudatum were isolated from the col- 
lections obtained from 17 different na- 
tural sources in Japan, i.e. 7 from Sen- 
dai, 1 from Morloka, 1 from Yamagata, 
G from Kybto and Lake Biwa, 1 from 
Nara and 1 from near K6be. The stock 
cultures of these clones were reared in 
the writer’s laboratory since 1D47. For 
rapid multiplications; paramecia were 


cultured in the rice-straw infusion 
medium, adding a small quantity of 
dried yeast powder. Before using, this 
medium was sterilised and inoculated 
with a clone of Bacillus subtills. Pre- 
cautions were always taken to Insure 
the predominance of this species of 
bacterium in the culture. Temperature 
was maintained at 25°C throughout 
the experiments. 


MATING TYPES AND GROUPS OF PARAMECIUM CAUDATUM IN JAPAN 

By the method of test of mating and Jennings (1938) combinations of 
types reported by Sonneborn (1938) 43 clones were tested And as the re- 
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suit, 38 clones were classified into 4 non- clones remained undetermined (Table 
interbreeding groups, each of which is 1). 
composed of 2 mating types, and 5 


Table 1. Mating ty])es and groups, names of clones belonging to them 
and their natural sources. IlricltTline : Selfiiig c4one. 


'Group 1 Typ-' 

Names of clones and (heir natural t ource 


' 1 

1 ! 

Lid', La4 (Lake Bivva) ; K \7, Kal, Ka2, Kn.S, Knl (Ky 

do) 

Lad LaK (Lake Ihwa) . Ka4, Ksl, K- 2, K (Kyoto) ; 

1 n2 ( Sendtu ) 

2 

4 

K sG ( Kyoto ) 

K;^L Kji2, K;{.4 (Ky4ito) 


1 '> 

Kun, KnG (Kyoto); Ys2, YsS (Yamagala) 


e 

Nd2, Nd.'k Ncl4. NdS (Nara) 


7 

j 

Mn2, ( Morioka) ; N;. L Enh Biinl (Sendai); 

1 Iy2 (Hvoro) 

‘t 

s 

F/.L Fz2, P'z.'L F 7 . 4 , ls4 (Sendai) 


Undetennliiff] 

l>il, Nsd. JsS, l*>2 (Sendjf) ; Hy\ (Pyopo) 



Although the materials were collected 
from different localities in Japan as 
mentioned above, no special tendency 
of geographically restricted distribution 
of the mating types and groups were 
observed. It seems to be probable that 
some of the remaining 5 clones may be- 
long to the 5th group, but unfortun- 
ately, the partners of those clones have 
not been found. Selling clones were 

EFFECT OF THE CULTURE MEDIA 

Before going onto the above men- 
tioned lest of the mating types, some 
preliminary observations concerning the 
conditions of conjugation were carried 
out. In the first place, it was noticed 
that the rate of conjugants were small 
in the culture media in comparison 
with those in the sterile tap water. Tlie 
same result was obtained when two 
types of the same group were mixed in 


also found in them, they are 1 clone in 
group 1, 1 in group 4 and 3 in unde- 
termined clones. 

According to Gilman (1941), 5 groups 
were found in the American species oi 
Paramecium caudatum. The writer has 
no opportunity to identify the Japanese 
groups with those of America, and ac- 
cordlngiy, the Japanese groups were 
tentatively numbered in this paper. 

ON THE RATE OF CONJUGATIONS 

the ripe culture media inoculatetl with 
bacteria but not with paramecia. How- 
ever, in the culture media from which 
crystaloids were eliminated by dialysis, 
the rate of conjugants were nearly 
equal to those in the sterile tap water 
(Table 2). In each case, bacterial 
zoogloea in the fluid were eliminated 
by filtration, These results show that 
some of crystaloids in the culture media 
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have an effect to reduce the rate of 
conjugants, 

Next, experiments on the effect of ex- 
cretion products of paramecia on the 
rate of conjugants were carried out. 
Paramecia were suspended In sterile tap 
water for 10 hours prior to the matura- 
tion, and then they were filtered off. 


The filtrates of two types of the same 
group were mixed and used for testing 
the effect of the fluid on the conjuga- 
tion. Types of the animals were mixed 
in the filtrates of each group, but nei- 
ther the accelerating nor the inhibiting 
effect was observed. 


Table 2. Effect of the culture media on the rate of conjugants 


Suspoiisioii fluid 1 

ExcoujiiRanls 
Total am main 

1 Rate of 

j exconjuRanfs 

; SiRiiificar.ee (jf diffei 
1 from control 

!'^("iilture media vvi'h para- : 
riireia ,'Uid bacJi^ria 

202 

1 


C.aiUurr media eliminating 
crystalnids by dialysis 

’M2 

40\ 

85.2 ^ 

0.0179 

(iultuH* media only willi 
bacfeiia 

247 

272 

66A % 

X-- 20.25 

Sterile laj) water (ccuitrdn 

222 

276 

85.7 

• - 


In the course of experiments, the 
wi-iter observed that the rate of con- 
jugation was remarkably Influenced by 
the density of animals, therefore, the 
density of animals was carefully con- 


trolled thereafter. The numerical rela- 
tion between the density of animals 
and the rate of conjugants will be dis- 
cussed’ in a later paper. 


DISCUSSION 


It has been shown by Gilman (1941) 
that in Paramecium caudatum, 5 non- 
interbreeding groups, each of which is 
composed of 2 mating types, are dis- 
tinguished. The present writer found 
4 groups in the same species in Japan. 
It was reported by Jennings that the 
mating groups of Paramecium bursaria 
were equally distributed in America 
(1939),i and that the Russian group 


which composed the 4th group of that 
species, was quite different from those 
of America (1944). Although the 
Japanese groups have not yet been 
identified with American groups, it is 
probable that some of the former will 
coincide with the latter. However, fur- 
ther studies are necessary to find the 
relation between Japanese and Amer- 
ican groups. 


SUMMARY 

An investigation on the genetic inter- caudatum collected from 17 different 
relations of 43 clones of Paramt^lum natural sources in Japan was carried 
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out. In these clones, 4 non-interbreed- 
ing groups, each of which is composed 
of 2 mating types, were distinguished. 
Five clones were ascertained as belong- 
ing to none of these types. Of these 43 
clones, 5 were self-conjugating clones, 2 


of which belonged to the 1st and the 
4th group respectively, 3 were out of the 
four groups. No special tendency of 
geographically restricted distribution of 
the mating types or groups were ob- 
served. 
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INTRODUCTION 

Recent inve.stigallon by Metz (1947) experiments on the mating types of 
on Paramecium aurella reported that Paramecium caudatum were carried out 
pseudo, selling pairs were induced by the by the method of Metz, 
formalin killed animals of opposite mat- The writer wishes to express his 
ing type of the same group. This is a hearty thanks to Prof. Dr. Isao Moto- 
new method of analysing the mechanism mura for his supervision throughout 
of conjugation. In the present study, this work. 

MATERIAL AND METHOD 

For the experiments, 8 clones of dlf- Kn6 (1)150 5) and Nd5 (type 6) of group 
ferent mating types from the writer’s 3 and McS (type 7) and Is4 (type 8) of 
stock cultures, reported in the previous group 4. Culture method and other 
paper, were used; they are, K''7 (type 1) conditions for experiments were the 

and L“6 (type 2) of group 1, same as those described in the previous 

(type 3) and K;i2 (type 4 ) of group 2, paper (Hlwatashi, 1949). 

RESULTS 

Many individuals of a mating type of 8 types, and ascertained that there is a 
Paramecium caudatum were killed by remarkable tendency of the reaction, 
formalin and washed thoroughly with When the living animals of mating type 
tap water. The killed bodies of the 2 were mixed with the killed animals of 
paramecla were mixed with the living mating type 1, the former clumped with 
individuals of the opposite type. When the latter. But on the contrary, living 
the reaction was successful, the living animals of type 1 did not clump with 
individuals stlcked to the killed bodies, killed animals of type 2. The positive 
The writer examined the reaction In all reaction was also obtained between 
combinations of the above mentioned living animals of the type 4, 5 and 8 
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and killed animals of the type 3, 6 and 
7, respectively, but in the reciprocal 
combinations the results were negative. 
And at this time, pairs of living animals 
as well as single animals were released 
from the clumps. This shows that the 
killefi animal induced the pseudoselfing 
conjugation. The pairs underwent 
nuclear reorganizations. It is noteworthy 
that the pseudoselfing conjugation oc- 
curred within two or three days even in 
the above mentioned reciprocal com- 
binations, In which the mating reaction 
between living and killed animals were 
never observed. 

On the conditions of clumping and 
pseudoselfing pairing, some observations 
were performed. The clump formation 
of living and killed animals was possible 
only when the latter was killed by for- 
malin oi which concentrations were 
about 1.5% to 6tr, and above or below 
these concentrations where paramecia 
either shrunk or formed the hyalin 


vesicle, it was inadequate for the experi- 
ment. However, the clumps were 
formed even with half-cytolised dead 
animals, if a large portion of cell sur- 
face remained with their normal form. 
Washing with distilled water after 
treatment with formalin did not prevent 
the clump formation but when heated 
to lOO^’C in formalin or in the washing 
water, killed animals failed to induce 
the mating reaction. Animals killed in 
a maximal feeding or in inanition, or 
formalin killed conjugants did not in- 
duce either mating clumps or pseudo- 
seifing pairs, but formalin killed mating 
clumps Induced the mating reaction 
with living animals and the following 
pseudoselfing pairs. In the mixture of 
killed animals of opposite mating types, 
no Indications of sticking or clumping 
were observed, and this suggests that 
the sticking or clumping is not a simple 
mechanical phenomena. 


DISCUSSION 


The above mentioned experiments 
suggest that the conjugation of Para- 
mecium can be induced by non-living 
substance, which is produced by the 
mature Individual. And this substance 
is Insoluble in water or in culture media, 
but it is fixed at the cell surface, be- 
cause the killed and half-cytolysed 
animals are able to form clumps with 
the living animals when the cell sur- 
face is preserved in good condition. In 
these respects, the present writer agrees 


with Metz (1947) who suggested that 
conjugation effects might be induced 
by the interaction of mating type sub- 
stance at the surface of the animals. It 
is an interesting fact that in each mat- 
ing group, clumps of living and killed 
animals should be formed only in a cer- 
tain combination between them but 
their reciprocal is Impossible, whereas in 
both types In the living state, there is 
no indication of morphological differ- 
entiation in them. 


SUMMARY 

The mating reaction of living animals ing type of the same groups was tested 
Of Paramecium caudatum with the and it was ascertained that the reaction 
formalin killed animals of opposite mat- was possible in all 4 groups of Japanese 
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clones, that Is the living animals of 
type 2, 4, 5 and 8 with killed animals 
of type 1. 3, 6 and 7, respectively. But 
in the reciprocal combinations, 1 with 
2, 3 with 4, 6 with 5 and 7 with 8. the 
mating reaction was negative. The 
pseudoself ing conjugation was induced 


by the . killed animals of the opposite 
type of the same group. In this case,, 
the reciprocal combinations were also 
successful. Conditions of the induction 
of mating reaction by killed animals 
were also described. 
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Gillespie 1920 suggested the import- 
ance ot the reducing intensity of soils 
for their fertility. Since then numer- 
ous data have been accumulated as to 
oxidation-reduction potentials (ab- 
breviated O.RP. below) of biological 
materiaks. Kusnetzow 1935, Iwlew '37, 
Hutchinson ’38. Nomura and Kokubo 
'43, and Zobell '37 determined the O.R.P. 


of water and bottom materials of lakes 
or sea, but their measurements were 
made with materials brought to labora- 
tories. Nomura and Yamada ’41 studied 
the O.R.P. of various bottom materials 
at laboratory and pointed out the im- 
portance of influence of experimental 
conditions and time effect upon the 
O.R.P. It became clear that, for eco- 



Fig. 1. Chart showing the position of stations of observation. 
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logical purposes, determination of 
O.RP. in situ is highly important. The 
^"disturbed” potential would not be of 
primary significance. These points 
were discussed and emphasised in our 
previous paper (’41). No determination 
in ^sltu of O.R.P. sea bottom, however, 
has been made as far as we are aware 
(literature appeared during and after 
wartime abroad being not susceptible to 
us as yet). The present work was ac- 
complished during the war (1942) 
aboard the research boat “Koganemaru” 
of the Oceanochemical Institute of our 
university at Onagawa, but the result 
has not been published due to difficul- 
ties in publication. 

For our special purpose, a special dip- 
ping electrode was devised. A platinum 
platelet was fused on the surface of a 


piece of glass tubing. The centre of the 
inner side of the platinum platelet was 
led with a piece of platinum wire 
through the glass tube wall to the in- 
terior of the glass tube and connected 
with copper wire. The latter in its turn 
was' connected to a long rubber-coated 
flexible cord, outside the glass tube. All 
the connections were carefully protected 
from contact with sea water and en- 
suring perfect insulation, with rubber 
tubing and rubber cement. The glass 
tube with the platinum electrode was 
contained In a metal case which has a 
small window on one side near the 
lower end, allowing the contact of the 
electrode surface and the bottom ma- 
terial. The window is large enough to 
avoid the contact of electrode and the 
metal case. All the parts mentioned 



Fig, 2. Equipment of oxidation-re- 
duction potential measurement and 
construction of dipping electrode. 

A. Agar bridge 

C. Calomel electrode 
E. Electrf)de 
P, Potentiometer 

R. Rubber coated wire 
RB. Research boat 

B. Sea bottom 

S. Sea surface 
EC. Electrode case 

Pt. Pt-electrode 
Pb. Lead disc 

T. Iron tripod 
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above are supported by an iron tripod 
on a heavy lead disc, which ensures the 
dipping of the electrode into the bottom 
material. As the leading electrode or 
reference electrode a saturated calomel 
electrode was used. It was contained in 
a wooden box, together with a vessel 
with saturated KCl solution, and was 
floated on the surface of the sea. The 
latter solution was led to the surface 
sea water by means of an agar bridge. 
Both the platinum and calomel elec- 
trodes were led to the potentiometer on 
the table aboard the research boat 
“Kogane Maru", where measurements 


of O.R.P., pH, temperature, specific 
gravity, transparency, etc. and sampling 
of sea water and bottom materials were 
carried out. Determination of pH was 
made colorimetj'ically, oxygen and 
chlorine were determined at the Ona- 
gawa Laboratory, and other analytical 
work was carried out at the biological 
laboratory at Sendai. Organic carbon 
content was estimated by potassium 
permanganate method after treatment 
with strong sulfuric acid, and the value 
obtained was multiplied by the factor 
1.8 to give the humus content. Me- 
chanical analysis of bottom samples 


Table I. Percentage ('()niiH)sili()n of bottom material in mechanical analysis. 


S(aii<»n 

r 

11 1 

V 

IV 

HI 

Grains > 4 0 rnrn 

'SA.e, »„• 

23.2 

2 1 


0 .bf 

> 2.0 nmi 

b.S 

0.8 ! 

1 

1.0 


0 

> 1 0 mm 

4.*l 

8 h j 

;:.o ' 


0(i 

>0.b mm 

14 7 

1 1 .4 ! 

1 

3.4 


1 

<"0.r>inm 

31 0 

1 1 

50 0 i 

8‘.*0 

! 911.4 




^Fig. 3. Diagram yhowing the compo.sition of bottom material. 


was made by means of sieves, but 
grains smaller than 0.5 mm. size were 
not classified. Loss on combustion was 
determined with the whole samples and 
also with parts of them consisting of 
grains smaller than 0.5 mm. size, as 
«ome samples contained fragments of 
vegetable matter \yhich had not been 
disintegrated. 


Observations were made on October 5 
and 6, 1942, at five stations in Onagawa 
Bay, indicated in fig. 1. Station I is 
the nearest to the town of Onagawa, 
w^hich is situated in the innermost of 
the bay, and at the point where the 
research boat is usually anchored. The 
bottom is muddy and decaying matters 
were found near by. Hydrogen sulfide 
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was perceivable. Station II is in front 
of the laboratory, and the sea water 
was considerably clear and the bottom 
was muddy. Shell fragments were 
found sporadically. Station III. The 
sea water was clear, but transparency 
was estimated at 6.3 M. This was prob- 
ably because the sun set was nearing 
and the station was in the shade of 
hills. The bottom was sandy or rock- 
sandy in some parts near the station, 
but at the point of measurement it was 


sandy. Minute fragments of shell were 
found. Station IV. Among the stations, 
this gives the greatest depth: 41 M. 
The bottom should be sand-muddy ac- 
cording to the chart, but the sampler 
got out of order and sufficient bottom 
samples could not be collected, and we 
could not confirm the bottom character. 
Station V. The bottom was mud-sandy, 
fragments of decaying sea weeds and 
shells were observed. 


Table II. Summarized table of data. 


Station 

Surface 

Bottom 

s** j 

1 

V 

S j B 

IV 

S j R 

s 

1 

B 

Date and Hr. 

B/X 

12-40 

6'X 

1145 1 

5/X 

14..50 

G/X 

10.25 

5/X 

17.10 

Depth 


9.5 ni 

i 

13m j 


22.5 m 


41 .5 m 


22 m 

Bottom material 

1 

1 

1 

M. 

1 

t 

M. ' 


MS. 


S. M. 


S. 

Forel’s Scale 

6 


5 j 

1 

5 


4 




Transparency 

4 

■ 

3.5 1 

1 

1 

1 

V2.5 


20,5 


6.3* 


Spec. Grav. 

1.235 


J.181 I 

i 

1. 2.8.8 


1.2.85 


1.2.35 


Water temp. 

22.4' 

22.2 

22.f5 ' 

22..3 i 

22 6 

21.8 

22.5 

21.5 

22.2 

21.8 

Temp, of 
Bottom 

material i 


“ 

22.8 

1 

1 

1 

i 

22..8 

1 


■ 

21.7 

' 



21.9 

Cl', 1 

! 

18,87 ■ 

1 

18.92 ! 


18-86 


19.08 

! 

18.87 

Oj, cc/L 1 

1 

( 

4.76 i 

5.06 ! 

4,60 

5 23 

4.61 

5.03 

3.73 

! 5.2:1 

4.60 

pH 

1 8.25 

8.27 1 

8.27 1 

8.30 j 

8.2,5 

1 8.27 ! 

8..35 

8.27 

8.30 

[ 8.27 

Eh, mV 1 

133 1 

- 64 

148 1 

-12 

128 j 

73 

1 

273 ] 

r 

! 133 ■ 

255 

rH 

' 20 ! 

14 i 

21 

15 

20 

1 18 ' 

27 

i 19 1 

1 20 1 

26 

Loss on ; 

Combustion % ' 

1 

17.3 1 

i 

15.3 I 

( 

1 

16.7 1 

! 


14.3 

The same in j 
constituents 
(<0.5 min) 1 

j 

1 

10.4 1 

_ j., 

! 

16.6 j 

j 

15.4 

1 




11.3 

! 

Carbon, mg/p; | 


65.5 

i 


.89.2 I 

( 

,50.3 




12.4 

Humus, ing/g } 


119 j 


70 0 1 

! 

1 

30,6 




1 22.6 


* See the text. 


** S — Surface B- Bottom 
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POTENTIAL OF SEa’'bOTTOM 


The results of investigation are given 
in tables and figures, and brief expla- 
nation will be made. In Table II, the 
stations are arranged in an ascending 
order of O.R.P. of the bottom. 

The depth of the bottom studied 
ranged from 9.5 to 41.5 meters and 
shows no apparent relation with O.R.P. 
The colour of the water varied from 6 
to 4 of Forel’s scale and shows descend- 
ing order against the ascending order 
of O.R.P. Transparency shows also an 
ascending order, except at St. Ill which 
was mentioned above. This might be 
of significance and would be interest- 
ing to be studied more in detail. The 
deeper the bottom, the lower is the 
temperature of the bottom material. 
The content of dissolved oxygen at 
the bottom showed no obvious rela- 
tion with O.R.P. of the bottom 


material and seems to be worth re- 
investigation. This fact does not, 
however, seem to be incompatible wfth 
previous knowledges, if we consider our 
observation that the O.R.P. of the bot- 
tom material and that of the super- 
natant water layer may differ greatly 
according to circumstances (Nomura 
and Yamada ’41). It is also to be 
pointed out that O.R.P. s of the surface 
and that of the bottom are not parallel. 
The surface O.R.P.s fluctuate in some 
way unknown and no direct relation 
wlUi oxygen content was observed. 

The O.R.P. values in the table are ac- 
companied by their respective rH 
values, regards the meaning of which 
the reader, if not familiar, is referred 
to the writings of Mlchaelis, Nomura or 
Wurmser. 



Fig. 4. Graph showing relations of oxidation-reduction potential and 
organic carbon content of bottom materials. 


Largely speaking, the O.R.P. of the cept a slight discrepancy at St. II. Or- 
bottom varies inversely with the carbon ganic matters on the bottom under- 
and humus content of the bottom, ex- going decomposition consume oxygen 
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and O.R.P. will decrease. Oxidation of 
organic matters, however, cannot al- 
ways directly utilise molecular oxygen, 
and there are several stages in oxida- 
tive processes, in one of which molecu- 
lar oxygen is activated by some enzyme 
and 6an be brought into action. The 
O.R.P. is a measure of the activity of 
participating constituents in the O.R. 
system. The relation of dissolved 
oxygen, which Ls molecular, and the 
O.R.P. is, therefore, indirect and the 
larger oxygen content Ls not always ac- 
companied by a higher O.R.P., although 
it is so in general. One point which is 
incomprehensible is that the bottom 
potential was much higher than the 
surface potential at St. III. Whether 
this Ls due to an experimental error or 
was caused by unknown factor worthy 
of reinvestigation we can not say at 
present. The surface potential at St. 
IV was aLso exceptionally high, and we 
can not find any reason for it. Except 


these few points above mentioned, all 
the data obtained in the present study 
seem to be in accord with one another 
and satLsfy our expectation. The only 
regret is that the bottom fauna of these 
stations has not been made out, and we 
could not discuss these data in relation 
with it. 

We should like to repeat and to lay 
weight upon the importance of the 
O.R.P. of the bottom, particularly 
measured in situ, as an ecological fac- 
tor determining the productivity of sea 
and inland waters, in accord with 
Gillespie who suggested the importance 
of the reducing intensity of the soils 
for their fertility, quantitative expres- 
sion of reducing intensity being O.R.P. 
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INTRODUCTION 


Although various methods have been 
advanced for culture of daphnids 
(Banta, 1921; Galtsoff and others, 
1937), there have been few studies con- 
cerning the physico-chemical conditions 
of the culture medium. Recently 
Matsudaira (1943) studied the bio- 
chemical factors of clover-extract acting 
upon the growth of Daphnia and Scene- 
desmus, the laOter being supplied as 
chief food to the former. His work 
ranged only for such short period as a 
week or so in culturing them. 

Little has been reported in respect to 
oxidation-reduction potential (redox- 
potential) in culture media except the 
bacterial culture, as to which many 
contributions have been made. Knight 
and Fildes (1930) reported that “the 
spores of B. tetanl will not germinate 
at all, in an otherwise favo livable 
medium, when the redoxpotentml Is 
more than Eh 0.11 Volt (pH 7.0-7.65)“. 
Hewitt (1931) showed that the potential 
difference in various kinds of bacterial 
culture was due to the difference in 
peroxideTorming ability. From the re- 
sults of Gillespie and Rettger (1938) it 
was observed that there existed obvious 


potential difference between the two 
types of Lactobacilli. 

In protozoan culture, Efimoff and 
others (1928) studied the effect of rH 
upon the multiplication of some species. 
They employed “platinized” platinum 
electrode instead of “blank” one, which 
usually employed. 

.The present report is a part of the 
series of papers on the physiology and 
ecology of Plankton. Innumerable 
works on Plankton have been published, 
but the fields of studies just mentioned 
have remained rather unexplored. The 
aim of this study is to make out the 
physico-chemical conditions of the 
culture medium of a daphnid in course 
of long-period experiment. 

The changes in numbers of the 
animals and of the algae were observed 
in course of 90 days. In this contiec* 
tion the changes of pH and Eh in the 
culture medium were also determined. 

I wish here to express my sincere 
thanks to Prof. Shichiroku Nomura for 
his kind guidance and criticisms during 
this study, and also to Dr. Tametake 
Nagano for his kind suggestions. 
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MATERIAL AND METHOD 


The material used for this study was 
Simocephalus vetulus (O.F. MUiler) 
which had been cultured in the labora- 
tory for two years. The animals were 
fed with a green alga, Scenedesmus 
obliquus Chodat Si Artari, which was 
allowed to multiply abundantly in the 
culture medium. One per cent extract 
of mixture of two parts by weight of 
rice-straws and one part of leaves of 
pumpkin was prepared, sterilized and 
preserved as stock extract. In a glass 
vessel (250 cc. capacity), 10 cc. of the 
extract were put and added with tap 
water up to 200 cc. (original culture 
medium). 

At first 10 adult females of daphnid 
were cultured in this medium with a few 
number of the algae. This original 
medium was not changed throughout 
the course of the study, but 10 cc. of 
the stock extract were added ^ to it at 
every 5 days, to compensate the amount 
• used for the measurement of pH. So 
the amount of medium remained nearly 
the same. The total number of the 
living animals was counted, removing 
them Individually in another vessel 
with a pipette. 

The pH value of the medium was 
determined colorimetrically. 

Then the potential measurement was 
carried out by the compensation method 
as usual, employing a saturated calomel 
electrode and a blank platinum elec- 


trode, which wa.s immersed In the mid- 
dle layer of the medium. The potential 
value thus measured was corrected for 
the normal hydrogen electrode and was 
designated as Eh, 

At last the estimation of the number 
of the algae was made by means of 
a haemacytometer. After stirring the 
medium to obtain an uniform distribu- 
tion of the algae, a few drops of the 
culture collected at random were ex- 
amined and the numbers per cubic 
millimeter were counted three times in 
succession. These values enabled to 
calculate the total number of the or- 
ganisms in the whole medium (200 cc.). 

After these observations, the animals 
were returned back to the original 
medium and then, as previously noted, 
10 cc. of the stock extract were added 
to it. Two such culture vessels were 
set up for this study and the observa- 
tions were made at every 5 days from 
July 27 to October 25 (1946). These 
culture vessels were placed in a double- 
glass-walled air bath regulated not to 
fall below 23 ''C., while the room tem- 
perature varied between SO^'C. and 17"’C. 
Correction of the calomel electrode for 
temperature was made. 

In some cases redoxpotential was 
measured again Immediately a'fter 
stirring the medium: disturbed poten- 
tial, which will be mentioned later 
again. 


EXPERIMENT AND RESULT 

The averages of the observed values are shown as follows (Table I, Fig. I): — 
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Table I. Averages of the experimental values. 


Days 

1 l^umhers of 

! Scenedesmus 

i T^unibers of 

! Siinoceplialu.s 

1 l-H ( 

Ttr;: 

+ . mV) ! 

rH 

1 Distui hed-poi., 

! Eh (niV) 

0 



: 

8.P ; 

4P1 i 

29,4 




' 88 

' 8.2 I 

204 1 

26.5 

1 

U) 
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1 P4 

1 1 

2:!7 1 

26.3 


In 

! 4124 

If 

; 117 

; 8.2 ; 

291 'i 

26.1 

1 t 201 

liO 

; 2112 

<r 

i 52 

8.:’) ; 

26P J 

25.:i 


2.) 

s:)h2 
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: 8.2 : 

256 ' 

1 

25.4 


.'ip 

' P4(')4 
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; 82 

8 2 

2.55 ; 

2.5.1 

1 265 

i-l.n 

14 124 

'f 

, 1P8 

1 8 2 1 
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24.9 

! 

4P 



i 18;: 

9.P 
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26.2 

■ 

4 i) 

' 144PP 

// 

( :i;.(i 

1 8.1 ■: 
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1 
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i J 224S 

!/ 

i ::4(i 

8.1 

26P 
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ni ) 


'/ 

: 152 

i 

:ip5 

26.8 

! i 292 

(jP 

pp7h 

n 

96 

: 8.:i 1 

202 i 
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1 

(in 

72SH 

'f 

128 

1 8 ;i ; 

.2P2 
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7P 

h278 

tf 

128 

8.2 

215 i 
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' i :;25 

7;") 

187(1 


76 

I 8.P 

:;:;p 

27.0 

1 

hP 

17H8 

v 

1 44 

; 8 p 

1 

27.P 

' 1 2:’4 

S.P 

(1(184 

ff 

:!8 

8 ,5 
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26.9 

1 

PP 
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1 8.2 
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J CliaiiRoft m popula- 
tions of Srnnedosinut. and 
Snnocephalus, j)1 1 and Eh of 
the culture. 





156 


T, HOSHI 


DISCUSSION AND CONCLUSION 


Matsudaira describes that “the death- 
rate of Daphnia, feeding upon Scene- 
desmiLS in the water, to which clover- 
extract was not added, increases when 
Its pH-value rises above 9, due to the 
photosynthesis of Scenedesmus”. He 
attributes the rise of death-rate to the 
high pH value of the medium. In the 
present study, it is clearly observed in 
the figure that there exists an intimate 
resemblance between the population- 
curve of the algae and that of the 
animals (correlation-coefficient r is 
0.81, highly significant at the 0.1*^;; 
levei), with a time lag. This indicates 
that the number of the latter depends 
upon the food content of the culture. 
Scenedesmus was found in the alimen- 
tary canal of the daphnid dissected 
under the microscope. Noland (1925) 
said that the nature and amount of the 
available food were the essential factor 
for the distribution of the fresh water 
ciliates, both in the field and in the 
laboratory. The pH value of the 
medium was 9.2 and 9.0 on the 10th 
and the 40th days of the present ex- 
periment, but the number of the daph- 
nid was found much increased on the 
next following observations, and we can 
not consider the high pH value of the 
medium as responsible for high death- 
rate of the animals as Matsudaira 
maintained in his experiment. The 
number of Scenedesmus was great on 
the days above mentioned and the 
daphnid was found enormously mul- 
tiplied on the next observation. We 
therefore rather agree with Noland in 
laying weight upon the amount of food 
as a factor determining the population 
of the organisms. 

While the algae multiplied in the 


medium, the COi> might be exhausted 
for their photosynthetic action. This 
is the reason for the high pH at the 
abundant multiplication of the algae 
(between the number of the algae and 
the pH values correlation-coefficient r 
is 0.67, highly significant at the 
level). 

Judging from the fact that the dis- 
turbed potential measured Immediately 
after stirring the medium is only about 
4 mV, on an average, higher than be- 
fore, one is led to conclude that quanti- 
ties of Oii absorbed from the air should 
be very small. It is acceptable, there- 
fore, that the effect of O- upon the 
pot|^ntial is slight in this system. The 
changes of pH are caused mainly by 
the CO--content of the medium, which 
is affected by photosynthesis. 

On the other hand, the potential did 
not always show any constant value at 
the same pH, especially in the later 
course. In the course of long-period 
culture the influence upon the potential 
of the waste products, which accumulate 
gradually in the medium with lapse of 
time, might be expected. As to the 
waste products, Grosvenor and Smith 
(1913) first pointed out that they might 
be of some unstable character and con- 
sequently quickly oxidized or destroyed. 
Later Stuart and others (1932) supposed 
that the accumulation of waste products 
resulted in C02-prDductlon with sub- 
sequent reduction of Oii-tenslon in the 
medium. 

Using a high concentration of hay 
infusion (20%) as the culture medium, 
Eflmoff and others found that the 
medium showed at first very reducing 
character and after 3-month culture it 
reached high oxidising intensity, the rH 
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being 35 which remained for more than 
5 months. In my experiment the con- 
centration of the medium was 0.05% 
and the rH values remained in narrow^ 
range, namely from 29.4 to 24.9, though 
these values were chiefly influenced by 
changes in the numbers of Scenedcvsmus 
in the medium as mentioned above. In 
bacteria-free culture of Chilomonas, 
Jahn (1933, 1935) observed that the Eh 
of the medium dropped as the growth 
of the organism proceeded. In the 
present result also similar l-elation 
would be conceivable between the 
multiplication of the animals and the 


decrease of the potential 

The decreasing tendency of the mul- 
tiplication of the algae in the later 
course was probably due to the weak- 
ness of sunlight in the daytime, in spite 
of ample supply of nutrient by the 
addition of the stock extract to the 
medium. 

Besides the conditions mentioned 
above, the influence of numerous 
microbes, especially that of bacterial 
flora, should be considered qualitatively 
and quantitatively in order to clarify 
the properties of this system as a whole. 


SUMMARY 


1. The changes in numbers of 
Simocephalus vetulus and of Scene- 
desmus obliquus in the culture weiie 
observed in course of 90 days. In con- 
nection therewith, both the pH and the 
Eh of the medium were also determined. 

2 There was intimate resemblance, 
with some time lag, between the curves 
of the animals and that of the algae, 
showing that the latter were the chief 
food of the former. 

3. Approximate reverse changes were 
observed in pH and Eh, But in the 
later course this relation was Irregular, 
suggesting the existence of some sub- 
stance which Influenced the relation in 


this system. 

4. There was also close similarity 
between the curves of pH and of the 
algae, which showed that the changes 
in pH were caused mainly by C02-con- 
tont affected by photosynthesis and 
respiration in the medium. 

5. The slight potential drift measur- 
ed immediately after stirring the 
medium was due to aeration of the 
.system. This slight effect of aeration 
upon potential suggests that molecular 
oxygen enters into oxidation slowly and 
indirectly after activation and the 
oxygen demand of the system is not 
large. 
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Obre^hkove (1930) showed that the 
resjiiratory rate in later instans was 
luv;er than In earlier in:;tai\s of 
Simocephalus exspinovsus. 

Computing from Obreshkovo’s data, 
Terao (1931) proposed an exponential 
fornnila for the relation between age in 
adi'dt form and respiratory rate. 
Obreshkove measured oxygen consump- 
tion at distant intervals and did not 
study the intermediate stages, and fail- 
ed to see the fluctuation of respiratory 
rate in the course of development. 

In the present study, the respiratory 
and heart-beat rates were measured 
day by day following the developmental 
stages. 

Measurements were made with No- 
mura’s modification of Thunberg’s res- 
plrometer (Fenn, 1927; Obreshkove, 
1930). The capacity of the respiratory 
chamber was 6 cubic centimeters and 
the volume of the capillary was 3.85 
cubic millimeters per centimeter of the 
scale. Ten individuals (female) of the 
same brood were used for experiment 
Rp to the 4th instar, and five of 
them were used foij later instars. 
After each measurement they were 


traiisferred back into 200 cc, — culture 
medium which was described in the 
previous paper. The green algae, 
Scenedesmu-s, which adhered to the 
daphnid were washed away with dis- 
tilled water. The experimental tem- 
perature was regulated at 25"C 1 or — 
0.01 in respiratory experiment (Exp. A). 
In counting the heart-beat rate, a glass 
vessel Was used. It was double walled 
on sides and bottom, and the top was 
open. Cover glass with a hanging drop 
containing the animal to be studied 
was placed individually on a support in 
the vessel and the latter was covered 
with a large slide glass. The whole 
was set on the microscope stage and 
observation was made with a low power 
magnification. In the vessel the water 
was circulated from the thermostat 
(25"C f or—O.OD — (Exp. B). Exp. A 
was carried out in August and Exp. B 
was in June, 1947. 

In Exp. A, the ovary began to produce 
eggs in the 4th instar, became full of 
eggs in the 5th instar and discharged 
them into the brood chamber in which 
the eggs were developed fully (maturity 
of mother). Hatching and releasing of 
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the larvae took place at the end of this 
instar. In Exp. B, maturity was reach- 
ed in the 6th instar. The results 
are shown in Fig. 1. The^ rela- 
tive respiratory rate was expressed 
as oxygen consumed per unit body 
volume, which was assumed as cube of 
the body length, and the rate in the 
1st instar was taken as 100 per cent. 

It is clearly found from the figures 
that the metabolic lates rise once at 


maturity and decrease grad\ially there- 
after. 

Obreshkove could not observe this rise 
at maturity, as he did not follow the 
development step by step. Furthermore 
it is supposed from the experiments 
that eggs have a high metabolic activity 
on one hand, and the rate of mother 
alone decreases with advance of age on 
the other. 
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The pH values of the soil of the merits were made potentiometrically 
habitat of earthworms have been studl- with specially devised quinhydron elec- 
ed by many workers and also in our trodes. This report contains the data 
laboratory. On the other hand, the pH obtained in the previous work (1940, 
value of the content of the alimentary unpublished) and those obtained in 
canal of earthworms has not been recent studies (1948). In the earlier 
determined, and it is particularly desir- work, the syringe electrode (fig. I, 11) 
able to be measured in situ. Thus I was used for Pheretlma dlvergens, 
tried to determine the pH of the intes- and in the later work, the dipping 
tinal content of earthworms. Measure- electrode was directly inserted Into 


Fig. 1. Diagiam of in* 
strumenis arranged on 
a digsected earthworm. 

P. Potentiometer 
P'. Electrode 
C. Calomel electrode 
A. Agar bridge 
K. Sat. sol. of KCl 


B 
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the' alimentary ^ canal of Pheretlma the intestinal content was originally 
communissima. The worm was dissect- situated. 

ed along the body axLs after being The results are given in table I. Two 
‘ anesthetisedv and the electrode was in- maxima of pH value seem to exist in 
^rted into the hole made in the diges- divisions III and VI. The value is low 
tive tract. In the case of the syringe in IV, and also gradually decrease in 
method, the samples should have been the posterior parts, VII, VIII and IX. 
previously removed from their original The variation of pH value is rather wide 
Bituation; and their considerable in range and general statement is diffi- 
amounts were needed for each measure- cult, and more detailed studies are 
ment. With the dipping electrode, on desirable to be made, in connection with 
the contrary, the measurement could be physiological condition of the earth- 
made directly, quickly and in situ where worms. 

Table f. Table of the summarized results. 


Ph. comm. I (Miix.) > 7.6,1 

I (Mill.)! K.JW 

«I. Conmi. j Av. ! 7.1^6 

Ph. div. I Av. ! 6.18 


IV : 

i 

V 

1 VI ‘ 

VII 

VIU t 

IX 

71)2 t 

7.21 

7.47 1 

7.25 '■ 

7.06 ' 


7.21 , 

7.48 

(7.48) 

7.49 

7.46 

7.46 

6.66 J 

7.08 

, (7.45) i 

6.96 ' 

6.67 ‘ 

675 

6.95 

7.16 


7.27 


7.43 

7.18 

7.05 


6.84 


6.61 


Direct metlmd B ; Syringe method ex. m. : externul soil 

j 1^1 V. — — 


10 '16 > 

III VI 


/ 60 . 

VII 


VIIT 


Fig. 2. Diagram of tlic inte.stiiie showing its .situations meaBured. 
Arabli; numbers eorrespond to those of BPgmenlB. 
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INTRODT^CTION 


The mechanism of chromatic change 
In the isopod crustaceans has been stu- 
died by some authors. Recently 
Klelnholz (1937) has found a pigment- 
activating substance in the marine 
isopod Ligia baudlnlana. Ligia shows 
a diurnal rhythm, being dark by day 
and pale by night even in constant arti- 
ficial darkness. Injections of aqueous 
extracts of the heads of light animals 
into dark ones brought about lighten- 
ing by a concentration of the meiano- 
phores, as In the shrimps. Hence 
Klelnholz concludes that the diurnal 
pigmentary activity Is not due to a 
cycle of exhaustion and elaboration of 
secretory material in the endocrine 
gland controlling the color change. 


Smith (1938) examined the color 
change of the related species Ligia 
oceanica, using a method formerly ap- 
plied by Hogben and Slome to the in- 
vestigation of the chromatophores in 
vertebrates, although he made no in- 
jection experiment. 

The present work is mainly concerned 
with the chromatophoric behavior of 
Ligia exotica (Roux). This investiga- 
tion was undertaken at the suggestion 
of Prof. Dr. S. Nomura, whom the author 
is indebted for his guidance. Acknowl- 
edgement is also due to the Oceano- 
Chemical Institute at Onagawa, Japan, 
for giving the facilities for collection 
of the animals. 


MATERIAL AND METHODS 


The materials for this work were col- 
lected by the seashore of Onagawa. The 
animals were carried to the laboratory 
in Sendai by train, taking three hours, 
then turned Into a large container in 


which they could live for some weeks 
in good condition. 

A glass dish about 12 cm. in diameter 
was used for the observation of the 
responses of animals to backgrounds of 


l) This report is a part of the series of papers submitted to the Faculty of Science, TAhoku University, 
ill partial fulfilment of requirements of the degree of Doctor of Science, March 194S. 
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various colors. The bottom of this glass 
dish was covered with a sheet of filter 
paper, saturated with sea water, and 
it served as a white background. To 
make the black background, the filter 
paper In the glass dish was covered by 
a sheet of black paper. For the various 
colored backgrounds, the colored papers 
were employed respectively in the same 
manner as the black one. In each dish 
were placed three individuals together. 
The containers were illuminated, if 
necessary, by a BO-watt electric lamp at 
a distance of 50 centimetres. 

It was also necessary, during the 
course ol the investigation, to examine^ 
the melanophore behavior of blinded 
animals. For the blinding of thLs 
isopod, extirpation of the sessile eyes 
was unsatisfactory, because the ensu- 
ing hemorrhage caused sometimes death 
of operated individuals. Then, such 
operation was eventually abandoned 
except for the control test, and the 
blinding was accomplished by covering 
the eyes with black paint, made ot 
mixture of Canada balsam and Indian 
ink. This simple method was conveni- 


ent especially for the selective partial 
illumination of ocelli of Ligia. 

For the recording of degrees of con- 
traction and expansion of pigment in 
the melanophorcs, the melanophore 
index (micron) introduced by Hogben 
and his collaborators was used. On this 
scale, pin-point contraction is denoted 
by 1.0 and maximal expansion by 5.0. 
Reading of index wa.s taken at the de- 
finite point of the iwsterior region of 
the body. 

For the observation of the melano- 
^hore, the animal wa,s supported in a 
simple apparatus. In this apparatus, 
the animal was held quiet for long time 
during the experiment, and the be- 
havior of each melanophore could be 
observed under the microscope without 
disturbance. 

For the hLstological study of the 
eyes of this animal, the head parts were 
fixed with Carnoy’s solution. Tlien the 
paraffin sections were mounted on the 
slide glass, and were stained slightly 
with Delafield’s haematoxylin and l'< 
oosin solution. 


OBSERVATION AND EXPERIMENTS 


L Color Change of the Animal in 
Response to the Backgrounds. 

The chromatic behavior of this animal 
in the laboratory indicates that the dif- 
ferences of coloration ranging from 
black to a light mottled grey are mainly 
due to the amount of light reflected 
from the background. This will be 
shown in the experiment about the 
selective painting of the eyes. 

The observations on the responses of 
the melanophore to the various environ- 
mental conditions are summarized in 
Table I. 


On the black background, illumina- 
tion of the intact animal caused expan- 
sion of the melanophores. On the white 
background, the melanophores were 
contracted. But it Is true only when the 
eyes are exposed. Animals blinded by 
painting the eyes with black tint in such 
a manner as described showed lower 
degrees of melanophore expansion than 
the seeing animals on a black back- 
ground, and considerahly higher degrees 
of expansion on a white background. 
In darkness, the melanophores assumed 
intermediate condition and they were 
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Table 1. 


liarkpround 

Condition 

ot , Cliromatopliore i 

ndex in diffi'renl 

illuminal ion 


aiiininl 

BriRht liRht 

Dim li^lif 

Darkne‘'.s 

Black 

Normal 

s.O'io.d 

I.C-c 0 f) 

2.8-1 0.2 


Blinded 

i 4.2Tfd.f) 

d.H-fd.S 

2.8-i-().2 


Normal 

1 ].2'^2.2 

J.d-2.2 

2.81 0.2 


Blinded 

i 4.2H).S 

2>.8 + (I.S 

2.8i 0.2 


less expanded than in the case of lower inelanophore index than blinded 
blinded animal in lightness, the value animals in bright light, either on while 
ol the melanophore index being about or on black background. Unblinded 
2.8. We could not keep the animals at animals have a lower melanophore in- 
constant temperature throughout these dex, when illumination is reduced, on 
observations, the range of temperature the black background, but the reverse is 
being 18 ' or 2 C. The data given in true on the white background, 
the Table I are based on a mean value Next, the reaction of melanophores to 
for fifteen animals in each case. the colored background, wa.s confirmed 

Blinded animals in dim light have a as shown in Table II. 


Table II. Chromatophore index of the midanophore 
on colored backgrounds. 


Color of b«ckgrf)und 

Norm»J animal 


Blinded amnml 

Yellow 

l.OlrO.2 

j 

5.0 

Light green 

2.t)i0.r) 


5.0 

Green 

: 2.81.0.5 


5.0 

Orange 

:k2-±o.r) 


0 

Red 

8.5-10.5 

j 

5.0 

Purple 

1 4.0 -1:0.5 

1 

1 

5.0 


The data given in Table II are also shown in Fig 1. When from a white to 
based on mean values for fifteen speci- a black background, the time relation 
mens. curve of color change shows a gradual 

Z, Time Relations of Chromatic rise, and when from a black to a white 
Behavior of Melanophore background, the curve Indicates a 

When the background to which the gradual descent, with about the same 
animals are adapted Is changed, they slope. 

gradually adapt themselves to the new The time relations have been deter- 
background. The rates of color change mined under further experimental 
of animals adapting themselves to conditions as follows: 
backgrounds in the diffused light are a) Color change in animals with 
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Time in minuKs 

Fig. 1. Time relation curve of color clmnge. 

Q- from white to black background. 

from black to white background. 

black*painting of the eyca. 

• ••X * extirpation of the eye.s. 

- injection of CO^ .saturated water in body-spaces. 


eyes extirpated on the white back- 
ground. 

A number of Ligia were blinded by 
removal of the eyes with a spear-point 
needle. Such specimens, with con- 
tracted melanophores. became darker 
after the operation. The behavior of 
their melanophores was plotted In Fig. 
1. It will be shown that the rate of the 
expansion of the melanophore.s in this 
case is very rapid, compared with that 
of reaction of normal animals. 

b) Color change in animals blinded 
by painting eyes on the white back- 
ground. 

In this case, the rate of the darkening 
of the body is quicker than In the nor- 
mal white adapted animal transferred 
to the black background. 

c) Color change following the injec- 
tion of COl' - saturated water in the white 
adapted animals. 

When 0.1 cc. of water, .saturated with 


CO:;, was injected into the light ada*pted 
animals, the melanophores expanded 
more rapidly than in the case of the 
extirpation of the eyes, and the animals 
died In about 40 minutes. 

3. Partial Blinding of the Eyes 
The eyes of Ligia exotica could be 
divided into: (a) dorsal part (D, Fig. 2) 
directly exposed to overhead illumina- 
tion; and (b) a lateroventral part (L 
and V, Fig. 2) exposed to light reflected 
from immediate surroundings. By 
blinding of the dorsal part (D) of the 
eye only, the animals show the same 
response as the totally blinded animals 
on a black background and a lower 
melanophore index on a white back- 
ground than either blinded animals on 
a white background or seeing animals 
on a black background. With the 
latero-ventral part (L -f V) of the eye 
blinded, the response on both black and 
white backgrounds has been th? same 
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as In seeing animals on a black back- 
ground. Table III shows the results of 
these experiments. The melanophores 
of the two experimental classes are 

Table 


coriipared with those of seeing animals 
(0), and of totally blinded animals 
(D 1 L f- V). 

TIL 


UackRloimcl 


Blincli-'d jKirt.s of the oyes 



Black 

White 

() 

.s.o 

l.(> 

1> 

^1.0 

■ 1 .2 

i V 


4.0 

L 1 V 

S.(i 

.0 0 


When the illumination was limited on 
the different parts of the eyes, the mela- 
nopliore index of the animals produced 
the results us the following figure 
.shows. In this figure the white area Is 
the part stimulated by direct illumina- 
tion. 



N V 



F)p;. 2. (Uiart "h(»vviiiR the valiu- <>f 
rnelanopliort' lodcx v/lx'n illuintnaiioi) 

Was rostiu iod to d'fft u-iiL j)ai(s of llu‘ 
vyv , I),L iiTid V. Tl)(‘ [Kjrt.N illnnii- 
uaiod are white. 

4. Effects of Injection of Aqueous 
Extracts of the Head 

The head parts of the white adapted 
specimens were crushed in mortar and 
extracted by filtered normal vsea water. 


Wfjen 0.2 cc. of the extract thus ob- 
tained was injected into the dark 
adapted animals, the melanophores were 
concentrated only to the degree of 4.0 
of the melanophore index. 

Next, I have treated the extract from 
animals of white phase at night, whose 
melanophores were contracted very 
distinctly on account of the diurnal 
periodicity. This extract was injected 
to the dark adapted animal in the same 
way. It has induced considerable con- 
traction of the melanophore. 

5. Comparative Structure of the Eyes 
and Pigment Migration in the Eyes 
The eyes of this animal are consider- 
ably complex. The structure of the 
eyes is .^d:iown in Fig. 3 diagrammatic- 
ally. This type of the compound eyes 
must be included in the superposition 
eye whicli Is usually found in the noc- 
turnal insects and decapods. 

There are as many as three kinds of 
pigment cells disposed around a trans- 
parent central axis in an ommatidium 
of this animal. The distal cells contain 
black pigment which ab.sorbs the light, 
and pale or colored pigment which re- 
flects the light. The cells themselves do 
not change in shape or position; the 
granules of pigment merely become 
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Fig. 3. OnuTiotirlia fioni the t'yen of 
Ligia exotica, showing (he general structure 
and the jHisition of the tliiee pignieiiis 
in light and dark phases. 

L, fioni an eye in tlie llgh< condition; 

I), fioni a dark*ada]^lcd vm - : 

Con. cone 
fl. ]). distal piginciil 

p. p. })ioxinial (rcfinal) plgnuMU 

acc f>. accesMiry ( reflecting) f>igintM)t 

rab. jhabdonie 
ha. nt. basement nu mbrane 

clumped or dispersed. Thus in dim 
light, the pigment in the distal cells Ls 
withdrawn upwards and the eye can 
function as a superposition eye. 

During the day time, the pigment in 
the distal pigment cells is expanded; 
and since this pigment varies in quan- 
tity in different parts of the eyes, these 
appear striped or spotted. At night, the 
pigment disperses in all parts and the 
banding disappears. 

The rhahdome as g matter of fact is 


made by the fusion of the inner differ- 
entiated faces of the functional retinu- 
lar cells whose outer cytoplasmic por- 
tions are filled with pigment granules. 
The pigment of the distal and of the 
proximal cells consists of melanin 
particles; hence the pigmented part5 o.' 
these cells are black in appearance. 

The third kind of pigment, the reflect- 
ing pigment, is white, at least when 
viewed by reflected light, and Is con- 
tained in cells that fill the somewhat 
irregular spaces between the proximal 
ends of neighboring ommatidt^. It is 
believed to be made up of guanln parti- 
cles and is collectively designated as the 
tapetum. The retinal nerve fibers are 
inward prolongations from the proximal 
pigment cells. They pass proximally 
from the bodies of the cells through 
perforations in the subjacent optic 
ganglions. The most remarkable cha- 
racter of the structure in the Ligia’s 
eye is the prolongation of the retinal 
colls from the basement membrane to 
lamina ganglionaris. 
f>. Mclanophores In the Larval Stage 

In the breeding season, we can see 
easily many larvae of this animals. But 
the differentiation of the melanophores 
was not advanced in such larval animals. 
I have observed an interesting fact dur- 
ing this investigation; that is to say, 
when the larvae released from brood 
pouch were immersed in the normal sea 
water indefinitely, the pigmentary sys- 
tem on the dermal surface did not dif- 
ferentiate in the melanophores and 
remained In the state of the ramified 
networks for the period of laboratory 
life of the animal in sea water. 

On the contrary, the larvae landed 
from the sea water on the sandy ground, 
from the first time, showed considerable 
differentiation of the melanophore, ancj 
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rt^sponsed by dispersion and concentra- tions from the early time, 
tion of the melanophore to light condi- 

DISCUSSION AND CONCLUSION 


In the marine isopod Ligia baudiniana, 
Kleinholz (1937) has found a pigment- 
activating substance which has not been 
studied v/ith regard to the exact locali- 
zation. Injections of aqueous extracts 
ol the heads into the body space of dark 
animal brought about lightening as in 
the case of shrimps. Kleinholz con- 
cluded that the diurnal pigmentary 
activity Is not due to a cycle of exhaus- 
tion and elaboration of secretory 
material in endocrine gland controlling 
the color change. 

Stahl (1938) has examined the ter- 
restrial isopods. The extracts taken 
from light adapted OnLscus, PorcelUo 
and Mesidothea gave a surprising re- 
sult; injected into blinded Leander 
adspersus with maximally expanded 
chromatophores no reaction was ob- 
served. But the injection of the ex- 
tracts taken from dark adapted animals 
into white adapted Leander caused an 
obvious expansion of the contracted 
chromatophores. 

Smith (1938) examined the color 
chdnge of Ligia oceanica, by using a 
method formerly applied to the work of 
the chromatophores in vertebrates (cf. 
Hogben and Slome, ’36), but without 
making any injection experiments. He 
studied aLso the time relations of chro- 
matic function; namely, the necessary 
time for the chromatophores to contract 
or expand when the background is re- 
versed from white to black and vice 
versa, and the equilibrium intervals for 
transition from illumination on a white 
and black background to darkness and 
vice versa. According to Smith these 


time relations show that the back- 
ground response is controlled by two 
hormones, one concentrating and the 
other expanding. 

Smith observed also the relation of 
the different parts of the eyes to the 
chromatophoral activity, and dis- 
tinguished two groups in the compound 
eye. One dorsal group is accessible to 
direct overhead illumination and is 
responsible for initiating the discharge 
of the hormone which brings about 
melanophore expansion. The other 
latero-ventral group react to light re- 
flected from the immediate surround- 
ings and is responsible for initiating the 
discharge of the hormone which evokes 
melanophore contraction. These obser- 
vations are of interest, when compared 
with iny own investigations of the rela^ 
tion between the melanophore reaction 
and the function of the different parts 
of the eyes in Ligia exotica. 

The same will be concluded also from 
the results of my studies on the pigment 
migration in the eyes. 

The response of the dermal melano- 
phores to illumination is partly direct 
and partly controlled by the eyes, and 
It si^ould not be overlooked that there 
exists coordination between the pig- 
mentary hormone derived from the 
head and the nervous control through 
the eyes stimulated by light. But It 
may be considered from the result of 
my experiment that the darkening of 
this animal is sometimes dependent 
upon the unfavorable condition for 
activity, because the expansion of the 
melanophores was induced by the extlr- 
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pation of the eyes and the injection of 
COj-saturated water into the body. 

The structure of the eyes of Ligia 
must also be taken into consideration 
for the behavior of the dermal nielano- 
phores. From the histological studies 
on the structure of the eyes and from 
the development of the melanoph^re in 


relation to the environmental condl- 
tions, Ligia exotica may be considered 
as the transitional fonn from marine to 
terrestrial form. We must bear in mind 
that the activity of the melanophores 
and the phenomena of color change 
correspond consequently to outer and 
inner conditions of the animal. 


SUMMARY 


1. The color change in Ligia exotica 
(Roux) was studied from the physiolo- 
gical standpoint, and the eye structure 
and pigment migration in the eyes were 
also investigated from histological 
standpoint. 

2. The dr^rmal melanophore responds 
by contraction and expansion to the 
white and black backgrounds in light 
respectively. 

3. The bkick painting of the eyes 
with my own method makes the melano- 
phores expand considerably as well as 
the extirpation of the eyes. 

4. In the darkness or in night, the 
melanophores contract to the degree of 
2,8 ! or — 0.2 of melanophore index. 

5. The chromatic state of normal 
and operated animals on the colored 
backgrounds was studied. 

6. The rates of color change resulting 
from transferring Ligia from a white to 
a black background in the diffused light 
and vice versa are shown in the time- 
relation curve, comparing with the case 
of the black-painting and the extirpa- 
tion of the eyes. 

7. Injection of CO-saturated water 
into the wlhte adapted animaLs ex- 


panded the melanophores more rapidly 
than extirpation of the eyes. 

8. By partial painting of the eyes, it 
was possible to test Lhe effect of the 
selective elimination of the different 
groups of ommatidia. 

9. Effects of injection ot aqueous 
extracts of the head of animal which 
had been adapted to the white back- 
ground, into the dark phiuse animal 
were not distinct. But the extract of 
the night phase animal effected on the 
dark phase animal by the considerable 
concentration of melanophore. 

10. By the histological investigation 
of the eyes, it will be inferred that Ligia 
(xotica has superposition eyes. And 
the existence of the pigment migration 
in the eye indicates that this isopod has 
the complex structure as highef deca- 
pods. 

11. The differentiation of the mela- 
nophore in the larval stage advanced 
only in terrestrial life. 

12. According to the structure of the 
eyes and the chromatic behavior of the 
animals, we can recognize that this 
isopod may be the transitional form 
from marine to terrrestrial form. 
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NLshioka 1943 and Nishioka and 
Yamamoto 1943 have already published 
papers on the ecological and fisheries 
studies on the scallop of Mutsu Bay. 
Among the results of their studies, the 
following facts were observed and point- 
ed out a.s worthy of notice, from a prac- 
tical viewpoint of scallop breeding, that 
the development of the scallop spats 
varies enormously from year to year ac- 
cording to the sea conditions of the 
year, and the scallop grows at present 
only on the gravel bottom, which occu- 
pies only a small part of the bottom of 
the bay along the coast, and the largest 
part of the bottom consisting of mud 
Is not inhabited by the scallop at all, 
although in the past the latter area 
was much more densely populated than 
the former. 

The key of the problem of scallop 
culture in Mutsu Bay seems therefore, 
to lie in that whether the vast area of 
muddy bottom, where scallops grew 
abundantly in the past, could be utilised 
as the culture ground for scallop spats, 
reared In the bay or transplanted from 
elsewhere. Judging from the facts in 
the past, it seems not Impossible, we be- 
lieve, that the muddy ground which 
makes the largest part of the bottom 


of the bay, could be utilised as culture 
grounds and would produce as abundant 
amount of scallops as in the past. 

Bearing the view above mentioned in 
mind, we have been, since 1943, carry- 
ing on studies on artificial fertilisation, 
spat collecting, feeding the young with 
cultured plankton and other work in 
relation to practical problems. 

The expense of the part of the studies 
reported here was defrayed by a grant 
from the Salto Gratitute Foundation, to 
which we take this opportunity to ex- 
press our cordial thanks. The publica- 
tion of this report has been delayed 
owing to difficulties in publication dur- 
ing and after the wartime. A more 
detailed report in Japanese will appear 
in the near future. The studies have 
been continued and in progress, and 
since 1947 Aomori Prefecture has taken 
up the problem of scallop culture and 
charged the authors with the investiga- 
tion granting an expenditure. Part of 
materials used in the experiment was 
supplied by the Fisheries Experiment 
Station of Hokkaido, to which we wish 
to express our hearty thanks. 

Spat Collecticm. 

For the purpose of scallop breeding, 
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sufficient spats should be collected. The 
sea^ especially iff the winter, is rough in 
this district and the collector lor oyster 
or scallop spats used in other localities 
are not suitable in Mutsu Bay, and at- 
tempts were made to find a suitable 
form of collector. Two types of collec- 
tors were, therefore, devised and their 
effects were compared. Type I. A 
series of large scallop shells, drilled in 
the centre, or other materials suitable 
for settling of spats were connected at 
intervals by means ot a rope, several 
feet long. Many of .such series were 
suspended from a float, which was kept 
about 3 feet below the sea surface, being 
connected with buoys above ann with 
weights below by means of appropriate 
lengths of rope. Type II. Two rope, 
about 5 cm. in diameter, were spun 
horizontally about 5 meters apart and 
parallel, one above the other in the sea. 
The upper rope was equipped with buoys 
at intervals of 10 meters and with 
weights on the bottom at intervals of 
20 meters, by means of similar rope. 
Both the ropes were also connected by 
nets or other suitable waste materials to 
give attachment for spats. 

On May 3, 1943. a collector of type I 
was installed at a point of 13 meter 
depth and 2 Km. off Noheji, and two 
collectors of type II were installed at 
a point of 15 meter depth about 1 Km. 
off Yokohama. One of them was set at 
a right angle, and the other set parallel 
to the direction of dominant waves. On 
May 13, 1943, a collector of each type 
was Installed at a point of 11 M. depth 
and 2 Km. off Kawauchi. Buoys of the 
two latter were stolen and the collectors 
sank to bottom and the result of the 
experiment could not be determined. 
The collectors off Noheji and Yoko- 


hama were found satisfactory at the 
end of. August, when the observation 
was iinished. The construction was 
quite resistant against waves and cur- 
rents and seemed to fit the purpose. 
The type II was inconvenient for ex- 
amination ot settling of spats during 
the whole seasoii, although it might be 
rather useful for practical purposes. It 
was thus abandoned in later experi- 
ments. While the collectors could stand 
all the mechanical disturbances in the 
.sea during the season, settling of spats 
was quite poor. This was not due to 
defects of the collectors, because the 
development of larvae was unusually 
scarce this year. This was evidenced 
by the fact that spats did not settle in 
large quantities on set-net or other 
things, which usually will be densely 
settled by spats in other years. Produc- 
tion of larvae was certainly meagre, it 
should be inferred. It was reported also 
in Saromako, Hokkaido, that collection 
of spats in this year was about one 
tenth that of ordinary year. 

In 1944, collectors of type I were in- 
stalled off Noheji, Yokohama and 
Moura and it was confirmed that col- 
lectors could stand the sea conditions 
during the experimental period. Pro- 
duction of larvae was not abimdant also 
in this year and only 30 or 40 spats 
were found on shells on a rope. Until 
the middle of June, when the observa- 
tion was made, spats could not be found 
by naked eyes, but in early part of July 
spats of 3 to 4 mm. shell length could 
be found and in the middle of July the 
largest spats measured 16 mm. in shell 
length. In the latter period the maxi- 
mum settling of spats during the whole 
season was observed. When observation 
was made in the middle of August, the 
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number of spats on shells was found to 
have decreased to about half the num- 
ber observed in the middle of July, and 
the remaining spats were found in 
space between two shells and none were 
on the outer side of shells. All the spats 
were more than 10 mm. in shell length 
and the largest one measured 20 mm. 
Judging from thej^e facts, It might be 
inferred that the scallop spats in Mutsu 
Bay attain shell length of more than 
10 mm. and abandon the collector to 
lead bottom life about the middle of 
July. In Mutsu Bay, spawning begins 
early in March and attains the maxi- 
mum in the middle of April and ends in 
June. The spats settle on collectors 
most actively in May and leave collec- 
tors in the middle of July. All these 
seasons just mentioned are about one 
month earlier respectively than those in 
Saromako of Hokkaido. To procure a 
large number of spats for experimental 
or breeding purposes, it is important to 
collect spats before the early or middle 
part of July, while they still remain on 
collectors. Collection of spats after de- 
tachment from collectors is very diffi- 
cult. Settling of spats is most frequent 
in the depths of from one to three 
meters. 

Artifilcial Production of Spats. 

Natural production of spats is much 
influenced by climatic and oceano- 
graphical conditions, and constant yield 
can not be expected. To establish the 
scallop fisheries, therefore, it is neces- 
sary to develop a method for artificial 
production of desirable amounts of 
spats at will. When taken out of the 
gonad, the scallop eggs tends to dis- 
integrate for the most part, as far as 
our experience proceeded, and / it has 


be^n difficult to obtain ripe eggs in 
large quantities. One of the present 
authors, Kinoshita succeeded with scal- 
lops of Saromako to induce spawning 
and to obtain ripe eggs in large amounts 
by raising the temperature of the 
aquarium water by 5 or 6 degrees and 
increasing the hydrogen ion concentra- 
tion by adding sodium hydroxide to the 
medium. With the scallop of Mutsu 
Bay on the contrary, we succeeded to 
induce spawning by keeping the scallops 
in water of lower temperature and 
lower salinity for one or two days after 
collection and then returning the ani- 
mals to the temperature of the habitat. 
The scallops, when collected, seemed to 
have discharged ripe sexual products, 
and during one or two days' sojourn at 
lower temperature the gonad would have 
advanced maturation and accumulated 
ripe eggs and sperm, which were dis- 
charged on return to the temperature 
of the habitat. No necessity of increas- 
ing hydrogen ion concentration was ob- 
served. The scallop seems to discharge 
sexual products gradually as they ripe 
when the temperature rises favorably 
for spawning. To obtain large amounts 
of ripe eggs and sperm, it seems there- 
fore convenient to keep the scallops at 
a lower temperature and inhibit spawn- 
ing in order to accumulate the ripe eggs 
and sperm, and then to return to the 
normal temperature to induce active 
spawning at once. This method seems 
to be more favourable than the alkali 
treatment, os the eggs need not be 
washed in the former method, as is 
needed in the latter. By our method 
just mentioned large quantities of ripe 
eggs could be obtained, fertilised and 
raised for three weeks when the larvae 
attained the shell length of 200 microns. 
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Kinoshita observed in Saromako that 
spats with shell length ot* 130 microns 
had already settled on collector, and our 
larvae also would have settled if condi- 
tions had been favourable. 

Transplantation of Spats Produced rn 
Lake Saromako, Hokkaido. 

Studying artificial production of scal- 
lop spats in Mutsu Bay on one hand, 
we attempted also to transplant .spats 
produced in Saromako to Mutsu Bay to 
raise as a basis for practical fisheries. 
This experiment was carried out in co- 
operation with Aomori Prefecture. 
Spats were carefully detached from th.e 
collector shell by brushing, and were 
kept in baskets in sea water of the 
habitat for one or two days, then were 
placed in the shipping boxes, especially 
devised by the Fisheries Experiment 
Station of Hokkaido and used foi- sev- 
eral years and found quite satisfactory. 
On August 21, 1943, they were carried 
on a track from the ground to the rail- 
way station, then on a freight car to 
Aomori. Further transportation was 
made by land or on a motor boat to re- 
spective points where the spats were dis- 
charged. The whole transportation took 
69 hours, the longest record of transporta- 
tion period of scallop spats, and this was 
accomplished on August 24. The shipping 
boxes were double walled and the space 
between the outer and Inner walls was 
filled with ice to keep the spats at low 
temperature; the interior of the box 
was divided into four layers by moA^able 
frames with fine net on the bottom to 
support spats, which were covered with 
sea weeds to keep moisture. During 
the transportation, ice was supplied 
anew several times as it melted away, 
and the temperature of the interior, 


which was 19^0. at first, gradually drop- 
ped and reached below 2 ' at some time, 
but the average was about 6''C. Six 
of such boxes containing 2,400,000 spats 
were supplied to Aomori Prefecture by 
the courtesy of the Fisheries Experi- 
ment Station of Hokkaido and the Fish- 
eries Association of Saromako, and one 
box containing about 30.000 spats was 
supplied for our experimental purposes. 
These seven boxes were carried on a 
freight car of 15 ton capacity and were 
accompanied by two curators. The 
spats were discharged in the following 
three grounds:--- 

1. Off Tazawa, Kominato, Higiushi 

Tsugaru Gun. 

2. Off Noheji, Kamikita Gun. 

3. Off Kawauchi, Shimokita Gun. 

The box destined for our use was re- 
ceived at Aomori Station at 9 a.m,, 
Augikst 23, carried to the Marine 
Biological Station by land, where it ar- 
rived at 1 a.m. next morning. The tem- 
perature of the interior of the box was 
11 C. and about one third of the ice 
remained unmelted. The box was 
opened and sea water was sprayed at 
intervals and the temperature of the 
box was allowed to rise gradually. At 
4 a.m. the temperature rose up to 20" 
and the spats were taken out of the box 
and transferred to five table aquaria of 
60 liter capacity. Each aquarium re- 
ceived 2,000 spats, and running sea 
water was circulated. Besides, three 
baskets with concrete bottom, 48 cm. 

63 cm. y 42 cm., covered with three 
different kinds of bottom materials re- 
spectively, contained 3,000 spats and 
were placed in natural marine reservoir,, 
which is about one meter deep at high 
tide and communicates with outside 
sea-water. The remainder of the spatf^ 
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-were clistribuled freely in the reservoir 
just mentioned and in the small har- 
bour of the laboratory. When the box 
was opened, all the spaLs were found 
quite healthy clapping the shell, and 
transportation seemed quite successful. 
Unfortunately, however, the spats in the 
table aquaria, in natural reservoir in 
baskets, began to die from the after- 
noon of Aug. 24 to the morning of 25th, 
and the percentage of survivors was 

only 2% when examined on 2Gth. Per- 

% 

centage of survival ol spats freely dis- 
tributed in the natural reservoir and in 
the harbour could not be confirmed, 
but many corpses found suggest a high 
death rate. The temi^eraturc of the sea 
water of Saromako, when the spats weia* 
collected, was reported to be 24 C. and 
that at Asamushi was 25 to 2G’ , so that 
the difference was only one or two de- 
grees. Although we have no data lus 
regards the lethal lernporature for scal- 
lop spats, it seems rather probable that 
the high death rate of apparently 
healthy spats is diu‘ lo a sudden 
change of teiniierature. which the spats 
suffered when they were taken out ol 
the shipping box and tran.slerred to the 
sea-water of Asamushi. The tempera- 
ture of the former was 20 and that of 
the latter wiis 2G C. The sea-water 
temperature is highest in August at 
Asamushi and it was unusually high in 
this year. If the change of tempera- 


ture had been more gradual and the 
temperature of sea-water at Asamushi 
had been lower, then the spats would 
have survived for the most part. Trans- 
I'iiantalion experiment, therefore, does 
not seem to be hopeless and is desirable 
to be repeated. 

Bottom Materials and the Spats. 

It has been said by fishermen that 
transplantation of spats would be suc- 
cessful only when the spats are more 
than three centimeters in shell length. 
The spats j\ist beginning the bottom 
hie would be about 10 mm. in length 
and not very resistant against various 
unlavorable conditions and would be 
unable to develop satisfactorily. To as- 
certain these points, the followdng ex- 
l)enment wa.s carried out. Three table 
aquaria were used, their bottom being 
covered each witli a layer of (1) gravel, 
(2) mud or (3) a mixture of sand and 
mud, 5 cm. deep. The aquaria were 
circulated with running sca-water, and 
each received 20 healthy spats, which 
had been transported Irom Saromako 
and survived several days already in 
healthy condition. After it w^as observ- 
ed that no spats died in any of the 
aquariav during the first four days of 
experiment, the bottom material and 
the .si)ats w’cre gently disturbed with a 
luecc of rope. In the aquarium with 
gravel the water bacame turbid and re- 


'ral>]e I. 


Aquarium Numbc'r 
aiul Botloni Material 


OxvKoji Contc'iit ])t r Litre, cc. 
I'iefore DisiiirbaiK'e j After Distui haiu t‘ 


(!) Giavcl 

(2) Mud 

(S) Sand and Mud 


Survival 

20 


A. 7 
4.7 
4.7 


4.S 

0.7 

1.0 


4 
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turned clear in 30 minutes, but the 
oUier two aquaria took ten hours to re- 
cover to the initial state. Oxygen con- 
tent per litre of the aquarium water was 
determined before and after disturb- 
ance. The results are as follows: — 

All the spats in No. 1 were found 
healthy, showing no visible injury, while 
in No. 2 only 3 survived, two of 
which were found attached to the glass 
side wall of the aquarium and one on 
the bottom of mud; In No. 3, 4 survived 
all attaching to glass side wall. All the 
survivors continued to live for a long 
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time enough, and it was confirmed that 
spats can grow even on muddy bottom 
unless it is disturbed. Disturbance of 
sea bottom, natural or artificial, will 
cam^c oxygen deficit and destroy vari- 
ous bottom organisms. Here we sec 
clearly the evidence for importance of 
controlling the fisheries by trawl, for 
the purpose of promoting scallop fish- 
eries. j 

Growth Rate of Reared Spats. 

Twenty healthy spats from Saromako 
were contained in the basket mention- 

II. 
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eel above and were placed in the na- 
tural reservoir also mentioned above. 
The period of rearing ranged from Au- 
gust 30, 1943 to July 6, 1944, about ten 
months. The reservoir communicates 
with two openings to the exterior sea- 
water, but the conditions in the reser- 
voir w^ould have been much les.s favour- 
able than i]i the natural habitat, and 
the growth of the spats would have been 
considerably delayed. The measure- 
ments of the shell size at the begiiining 
and at the end of the experiment are 
given in Table II. 

In November, 1943, the shell length 
attained more than 30 mm. and the 
survival rate at the end of experiment 
was 15/20, 75%. 

Activity of the Eggs and Sperm. 

When the eggs were taken out of 
gonad and inseminated immediately, 
the fertilisation percentage was very 
low, 3%, and gradually increased when 
inseminated after a lapse of time, 
reaching the maximum, 23%, when 
inseminated after four hours. This 
might be, however, different in natural 
spawning, and further studies are 
needed. 
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Optimum Temperature for Development. 

Observations w^ere made upon the de- 
velopment of the fertilised .eggs, kept 
in a dilferential thermostat de\.sed by 
Tauchi, which has ten compartments 
for diifercnt temperatures and admits 
simultaneous experiments at different 
temperatures. The result shows that 
the favourable temperature for develop- 
ment of the fertilised eggs ranges from 
10 to 15' C. and the optimum 

Optimum Salinity for the Development. 

Brief experiments were carried out t-o 
determine the salinity range favourable 
for clevelopmeiit of the fertilised eggs, 
and the result show^s that the optimum 
wsalinity is 3.7%. Below 3.0% and above 
4.0%, the development seems almost im- 
possible. 

Conclusion. 

The results of our studies on the 
scallo]) in Mutsu Bay have been briefly 
outlined above. Many problems remain 
unsolved and need further investiga- 
tion. It might be said, however, that 
promotion of scallop fisheries on the 
scientific basis is very promising, judg- 
ing from the results of our investiga- 
tion. 
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INTRODUCTION 


Tl’ie pro.sonce of vanadium in the 
a.scidian body was first reported by 
Ilcnze (1913) on the mulberry formed 
cell, so called ‘'vanado<iyte” in the blood 
of (he Mediterranean species, Phallusia 
inammilata which Ls combined with the 
Freen coloured chromoe:cn. He further 
described the presence of this element 
in other three species, Ascldia mentula, 
Ciona intestJnalis and Diazona violacia. 

Hecht (1918) noticed the presence of 
vanadium in the green coloured blood 
cells of the Atlantic ascidian. Ascidia 
at rn. 

Spectroscopically Az6ma and Fhed 
(1930) demonstrated the presence of 
vanadium not only in the simple soli- 
tiiry ascidians, Phallusia mammilata, 
Phallusia fumigata and Ascidia mcurtiHa, 
but also in the compound ascidians. 
Botrylloides rubrum and Botryllus 
schlosserj. 

Cantacuz(^ne and Tchakirian (1932) 
using a considerable number of the 
Biuropean species, determined the vana- 
dium content in Ciona intestinalls. As- 
cidia mentula, Ascidia fumigata. As- 
cidlella aspersa, Botryllus schlosseri, 
StyllopsLs grossularia, Polysinorata 


Lacazei, and Leptolinum griseum. 

In 1939 Webb reexamined the vana- 
dium content in the large number of the 
Bluropean species including the species 
,^0 far studied, by the spectroscopic and 
(’hemical methods and demonstrated the ■ 
presence of vanadium in Ascidia aspersa 
and A.scidia scabra but absence in 
Botryllus schlosseri, Botrylloides leachi, 
Tethyum partitum and Microcosmus 
Milcatus. From these findings Webb 
conclude(J that vanadium is character- 
istically present among the members of 
the jirirnUive families, but it has been 
lost in the more specialized families. 

Since 1933 the present writer has 
.studied the blood tissues of the Pacific 
ascidians, Chelyosoma siboja Oka and 
Ascidia samea Oka (Kobayashi 1933, 
1935, 1938 and 1940). He found that 
free sulfuric acid is highly accumulated 
in the vesicular cells of the blood and 
in addition a green coloured chromogen 
is located as a minute granule nearer 
its nucleus of this acid cell in these two 
species, the blood picture of both wliich 
indicate the close morphological re- 
semblance. 

The presence of the green chromogen 


i) C(M»tni)\uion froni tlie Mariiu' Biological Slalion at AsainiiMUi, Aoiooiikcn. No. 177, 
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In the vesicular cells of the blood of the 
Pacific ascldians appeared to the writer 
to be homologous to that of the vana- 
docyte of the blood of the European and 
Atlantic species, and vanadium may be 
also present, although the former mor- 
phologically show the difference from 
the vanadocyte of the latter. 

dn the other hand, Ohuye (1936) 
described the presence of the green cells 
in his morphological studies of the blood 
of the Japanese ascidians, Cynthia 
roretzi, Styela clava, Chelyosoma siboja. 
and Corella joponica. 

The present investigation was under- 
taken to test the presence or absence 
of vanadium in the Pacific ascidians. 
Chelyosoma siboja Oka and Ascidla 

Four species of the Pacific ascidians, 
Ascidia samea Oka, Chelyosoma siboja 
Oka, Styela clava Herd, and Cynthia 
roretzi v. Drasche were chosen for this 
experiment. Of these species Ascidia 
samea Oka was collected at Matsushima 
Bay near Sendai and the other Ihrec. at 
Mutsu Bay, Aomori prefecture. 

Each freshly collected material was 
cleaned by removing the adhered mud 
and other sessile organisms, attached on 
the surface of the outer test. From the 
samples thus treated the blood and other 
tissues were removed from Chelyosoma 
siboja Oka, the soft body and the test, 
from A.scidla samea Oka while the whole 
body was used in the other three species. 

The blood of Chelyosoma siboja Oka 
was first introduced in a vessel from a 
cut on the surface of its cartilaginous 
test by gentle pressing of the whole 
animal body. Then the blood was again 
collected in the same vessel Irom the 
outer cartilaginous test and the soft 


samea Oka and other ascidians, Styela 
clava Herd, and Cynthia roretzi V. 
Drasche. 

The preliminary treatment of the 
rnatcriaLs was made at the laboratories 
of the Marine Biological Station at 
Asamushi and of the Biological Institute 
of Tohoku University at Sendai, and the 
subsequent chemical analyses were car- 
ried out at the laboratories of Hakodate 
College of Fisheries and at Kyoto Col- 
lege of Textile Fibers. 

For the spectroscopic analysis, I wish 
to expreSvS my best thanks to Mr. Jiro 
Furuichi, Assistant Professor of the 
Physical Institute of Hokkaido Univer- 
sity at Sapporo for his help. 


body in order to make the loss of the 
blood minimum. 

The soft body was separated to the 
following four parks: the* orange colour- 
ed muscles attached to the syphon plate, 
the mantle and branchial sac, the gut 
together with the associated ti^ssues and 
the blood. 

The cartilaginous test in which the 
blood vessels are anastomosed was 
firstly washed with the filtered sea- 
water and then sliced into the small 
pieces. The test pieces thus treated, 
were washed with sea-water and again 
with the distilled water by means of tlie 
pressing machine, for the complete re- 
moval of the blood and other tissues in 
the test. 

The sample materials thus obtained 
were transferred separately into the 
silica crusibles and were dried at 110"C. 
For the determination of vanadibm, 3-20 
g. of each dried sample were, weighed in 
the same crusible and a-shed In the 
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electric muffle furnace at GOO'^C. These 
ashed samples were analysed by the 
phosphotungustatc method for vana- 
dium by Wright and Mellon (1937) 
which was utilized by Webb (1939). The 
vanadium content was determined by 
the colorimetric method instead of the 
use of Hehner’s tubes. 

The spectroscopic analyses were made 
with the ashed samples of the whole 
body of Cynthia roretzi and in the dis- 
.sec ted body parts ol Chelyosoma siboja; 
the outer cartilaginous test and the soft 
body. The spcHual care was given for 
obtaining the pure cartilaginous test 
substance as it Is often contaminated 
with the blood and other tissues. 

After scraping off the sessile or- 
p.anisms and other outer cartilaginous 
test, a milky white cartilaginous test 
substance is obtained. The test thus 
obtained was minced into small pieces 
and then was washed with distilled 
water. The blood and other tissues 


whK‘h are imbedded in the test were 
freed by the pressing machine re- 
peatedly until the washing distilled 
water became clear. 

For the observation of the vanadium 
emission spectra, the Adam-Hilger’s E 
1 type of quartz spectrograph was em- 
ployed 'by using the silver electrodes 
which method was also utilized by Webb 
(1939). The arc of the ascidian ashed 
samples was produced by the electric 
current (100 Volts D.C., 5 Amperes), at 
the distance of 4-5 mm. between both 
positive and negative silver electrodes, 
the ashed sample being settled in a 
hollow at the terminal of the negative 
electrode 

The iron and silver electrodes were 
also employed for the standard of the 
wave length calculation and for the 
control experiment. The plate of Fuji 
Photo Film Co. A 1 was used for the 
.specirogramm with the exposure of 40 
seconds. 


EXPERIMENTAL RESULTS 


A. Detection and quantitative chemi- 
cal analyses of vanadium in the as- 
eidians, Ascidia samea Oka, Chelyosoma 
siboja Oka, Styela clava Herdman and 
Cynthia roretzi v. Drasche. 

Vanadium was first quantitatively 
determined by the phosphotungustate 
method of Wright and Mellon (1937) on 
the ashed samples of the four species. 


The results obtained in this experiment 
arc shown in Table 1. 2 and 3. 

1. Ascidia samea Oka. 

As will be seen from Table 1, vana- 
dium is contained chiefly in the soft 
body amounting to 0.047 mg. and trace 
in the test. The vanadium content thus 
amounts to 0.04 U. for the soft body and 
0.014L for the whole body, the facts 


Table I. Vanadium content in Ascidia samea Oka. 



: : r 

I)ried sample in g. ^ 

Vanadium in mg. 

0 ^ 

, () 

Soft body 

i (),n4o 1 

0.047 

0.041 

Te.st 

{ 1 

Tiacc 

- 

Total in whole body 

i (i.:W77 1 

0.047 i 

0.014 


(The figurt^s in Table 1 were caleulated from tlie sfiinpl(‘s of SP imlividuajs.^ 
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Table II. Vanadium content of the dissected parts of the body in 
Chelyosoma siboja Oka. 



Dried .‘-ample in g. 

Vanadium in mg. | 

?o 

Orange coloured mu^cle 
attached to syplion plate 

0.1593 

o.mu 

{)m>7 

Branchial sac and mantle 

0.(>979 

0.038 

0.039 

Gut and associated tissues 

. 1.5.SS2 

0.064 

0.(H)4 

Blood. 

1.0131 

0.031 

0.003 

Total in soft body 

i 2.8(tM5 

i 0.134 

0,(K)5 

Test 

1 4.4000 

Trace i 

- ^ 

Total in w'hoU body 

7.2085 

0,134 i 

0.002 


(Thr figujcM ill T;l)le J1 weic rykulacc] ’lie .‘triples of iiiclividunly.) 


which may be taken as the clear evid- 
ence of the presence of vanadium. 

2. Chelyosoma siboja Oka. 

As will be seen in Table 2, vanadium 
is also present in this species. It is 
found highly accumulated in the gut 
and its associated tissues (0.064 mg.) 
but low in the orange coloured muscular 
tissues (0.001 mg.). The amount in the 
remaining other tissues stands between 
them or 0,038 mg. for the branchial sac 
and mantle, and 0.031 mg. for the blood. 
However the percentage values in these 
different tissues were found to be the 
following order in their magnitude, e.g. 
0.039*;^ for the branchial and mantle, 
O.OOOTS^r for the orange coloured muscle, 
0.004 for the gut and associated tis- 
sues, and 0.003 for the blood. 

Only a trace of vanadium was found 
in the cartilaginous test as in the case 
of Ascidia samea Oka. 


Total amount of vanadium in one in- 
dividual was estimated to be 0.134 mg. 
which amounts to 0.005 ^ for the soft 
body and 0.002'; for the whole body. 

Comparing the results obtained in 
Chelyosoma siboja with those in Ascidia 
samea, it will be seen that the vanadl\im 
content in the soft and whole body in 
Chelyosoma siboja (0.134 mg.) is much 
greater than in Ascidia samea. But 
vanadium content becomes lower when 
these were expressed in the percentage 
values (0.005% in the soft body and 
0.002% in the whole body) than in 
Ascidia samea (0.041% in the soft body 
and 0.014%, in the whole body) as will 
be seen in Table 3. 

3. Styela clava Herdm. and Cynthia 
roretzi v. Dra,sche. 

The present writer attempted the 
vanadium detection on the other two 
species of ascidians, Styela clava and 


Species 

^ Ascidia samea Oka 
Chelyosoma siboja Oka 
Siyela clava Ilerdman 
Cynthia roretzi v. Drasche 


I'ahk III. 

Vanadium in soft body 

0.041 

0.005 

0 

0 


I Vanadium % in whole body 

i ' 0.014 

0.002 

! 

0 
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Cynthia roretzi. 

On applying the phosphotungustate 
method of Wright and Mellon (1937) to 
the considerably large amount of the 
dried samples (11.1381 g. of St}ela clava 
and 25.550 g. of Cynthia roretzi) of the 
whole body, it wa,s found that no tiace 
of vanadium could be detected in both 
species. The results obtained from both 
colorimetric chemical analyses of vana- 
dium ol the four Pacific a.scidians are 
presented in Table 3. 

B. Spectroscopic examination of 
vanadium in the test and the soft body 

A. 
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of Chelyosoma siboja Oka, and in the 
whole body of Cynthia roretzi v. Drasche. 

The spectroscopic examination was 
performed with the ashed samples of 
the test and the remaining other soft 
body of Chelyosoma siboja and also of 
the whole body of Cynthia roretzi. As 
was found in the above quantitative 
chemical experiment, a trace of vana- 
dium was detected in the cartilaginous 
tests of Ascidia samea and Chelyosoma 
siboja in which not only the blood ves- 
sels were intimately dLstributed, but both 
showed a close morphological resem- 



B. 



CD CD OD 
OJ cr 


4 ^ CD Cni 

O CD to C . 



♦ t 

Ag. Ag. 
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blance. (Kobaya.shi 1938, 1940) How- 
ever, Ascidia samea and Styela clava 
were omitted from this experiment 
owing to the difficulty of obtaining the 
materials for this determination. 

For the complete removal of the blood 
and other tissues from the cartilaginous 
test of Chelyosoma siboja, it was cul 
into small pieces and then was washed 
repeatedly with distilled wuater by the 
aid of the piessing machine. 

As wall be seen in Text-lig. 1. the 
characteristic emi.ssion spectra of vana 
(hum (triplet of the emission lines eg. 


3183 4 3184 0 and 3185.4 A) was observed 
in the soft body of Chel>osoma siboja 
but no evidence cf vanadium was ob- 
served in the cartilaginous test nor in 
tJie whole body of Cynthia rorctzi. 

It w'as already shown bv the chemical 
test that a trace of vanadium was de- 
t('cted in the cartilaginous test of both 
,^pecit's of Chelyosoma siboja and 
A^’idia samea, but from I lie spectres- 
c pical experiment I am inclined to 
think tbat its ju’esence was due to the 
contamination with the blood tissues. 


CONCLUSION 


From the lesults obtained from the 
above experiments on four species of 
the Pacific ascidians, it was found that 
vanadium was present in Ascidia samea 
Oka and Chelyosoma siboja Oka, and 
absent in Styela clava Herdm. and 
Cynthia roretzi v. Drasche, although 
Ohuye (1936) reported the presence of 
the green cells in the blood of the latter 
two species, Styela clava Herdm and 
Cynthia roretzi. And it w‘as further 
noticed that the amount ol vanadium 
both In the whole and soft body wars 
less accumulated in Chelyosoma siboja 
than in Ascidia samea (Table 3) 
Among the isolated body tissues of 
Chelyosoma siboja, vanadium was ab- 


sent 111 tlu' Ollier ca: tilaginius te^d but 
prt^-auit in the other tissues of the inmu' 
soil body in the followung order 

Branehial sac and mantle 0.039 U . Gut 
and associated tissues 0 004L. Blood 
tissue 0.003 L . Orange eoJoured muscle 
attached to the syphon plate 0.0007U . 

From the above it will be seen that 
vanadium is present in every part of 
the soft body but least aecumulated in 
the muscles attaehcAi tJ the syphon 
plate. 

In Table 4 the amount of vanadium 
present in Chelyosoma siboja is com 
pared with those of the European 
species, Ascidia mammilata (Webb 1939). 


d'ohle I\\ 


S| )C'C lt“S 

y'aii.id lUni Ml 

VSuiad.uin Ml 

HJn(>(i 

Auilior 

blnntl, niK 

ulidli' Imdv, HUT 

WliO,- ImmIv 

( 'bi'ly ()''( tina 

0 o;.i 


e.c.ii 

Kobayaslii 

7\.sciflia inaiiiinilala 



0,(iS7 

\VU)1> (lOSO) 


It will be seen from the above table less accumulated than in Ascidia 
that vanadium in the blood and in the mammilata. 

whole body of Chelyosoma siboja is far Webb (1939) arranged the percentage 
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values of the vanadium content of each 
ascidian species according to Berril’s 
reclassification of Ascididae and showed 
a definite tendency of the gradual 
diminution, though fluctuated, from the 
most highly accumulated species be- 
longing to Ascididae toward less accu- 


mulated species along the branch of 
Ncphlocoela and Acoela or one side to- 
v/ards Cionidae and other side towards 
Pyuridae. The table in which Webb 
(1939) showed the relation mentioned 
in the above is cited in Table V. 


Table V. 


Family 

SiJCcicM 

j Vanadium content 

Autlior 

("iimidae 

Ciona intestinabs 

1 0.(14 

Webb (1939) 

Ascididae 

Ascidia mammilata 

0.17 



Ascidia mentulu 

0.186 

u 


1 Ascidia mcntula, var. rudis 

! 0.14S 

9 


! Asodia as]>ersa 

0.146 

9 


! vXscidia scabVa 

0.112 

9 


Ascidia saineu Oka 

0.014 

Kobayashi 

KlK)d().s(unalidac 

Chelyo'-a.umi siboja Oka 

0,002 

1 ^ ^ 

Stydidae 

Dendrodoa gnxsularia 

( 0.0018) 

Webb (1939) 


Siycia clava Hcrdman 

0 or (trace) 

Kobayashi 


Botryllus -schlo.sscri 

0 or (0.002) i 

Webb (1939) 


j iiotiy lloidcs Icachi 

' 0 or (0.002) 

9 

Pyuridae 

i 

i Tetbyum partitum 

j 

i 0 or (0.002) ! 

If 


1 

Cynthia roretzi v. Drasche 

i '' 

Ko})ayashi 


Microcosmos sulcatus 

0 Dr (0.002) 

Webb (1939) 


We notice from We.bl)’s pajKT that llic values given by Cantacuzt>iie 'tuul Tcbakirian (1932) 
appear too liigli when compared with that given by Webb (1939) and by the present author. 
The figures in the pareiulieus show the uncertain or doubtful results. 


When the Pacific ascidians are com- 
pared with the European species (Webb 
1939), the vanadiun^ content in the 
whole body of Ascidia samea and 
Chelyosoma siboja stands between the 
species belonging to Ascididae and 
Styeiydae; that is, the values are com- 
parable with those of Ascidia aspersa 
and Ascidia scabra (Ascidiella). The 
values of the vanadium content of these 
two Pacific ascidians thus appeared to 
indicate phylogenetically an inter- 
mediate link between the primitive type 
of Ascididae and the modern specialized 


types of Styeiydae and Pyuridae. 

On the other hand there exists a close 
morphological resemblance between the 
blood picture of Ascidia samea and 
Chelyosoma siboja, both possessii]g the 
vesicular acid cells where a minute green 
gianule located nearer to its nucleus in 
the protoplasmic membrane (Kobayashi 
1938, 1940), as Ls also found in Ascidia 
aspersa and Ascidia scabra (Webb 
1939). However, these Pacific ascidians 
differ from the European species, 
Ascidia aspersa and Ascidia scabra, In 
the fact that there is no acid reaction 
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in the test but also differ from the 
other ascidian species, Ascidia (Phallii- 
sia) mammilata (Henze 1913, Webb 
1939) and Ascidia mentula (Henze 
1939), possessing the green coloured mul- 
berry formed cell in their blood. From 
the facts just given, A.scidia samea is 
comparable with Ascidia aspersa and 


Ascidia scabra (Ascidiella), and Chelyo- 
soma siboja. The difference of the 
vanadium content in the blood between 
A^^Jdia mammilata (Webb 1939) and 
Chelyosoma siboja seems to be due to 
the different amount of green chromo- 
gen, accumulated in the blood celLs.^ 


SUMMARY 


Vanadium content was determined in 
the Pacific ascidians: Ascidia samea 
Oka, Chelyosoma siboja Oka, Styela 
clava Herdm. and Cynthia roretzi v. 
Drasche. Vanadium was present in 
Ascidia samea Oka (0.014'^ ) and 
Chelyosoma siboja Oka (0.002%), but 
absent in Styela clava Herdm. and 
Cynthia roretzi v. Drasche. 

In Chelyosoma siboja, vanadium was 
extensively distributed in the blood and 


other associated tissues except in the 
outer cartilaginous test, which were less 
accumulated than in Ascidia mammilata 
(Webb 1939). 

The values of the vanadium content 
in Ascidia samea and Chelyosoma siboja 
suggest an intermediate link phylo- 
genetically between the early primitive 
types of Ascididae and the modern spe- 
cialized types of Styelldae and Pyuridae. 
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. EXPLANATION OF PHOTOGRAPHS 


A-C. Spectrograms of the emission 
spectra of the ashed samples from 
the body tissues of Chelyosoma siboja 
Oka and Cynthia roretzi v. Drasche, 
using the silver arc electrode. The 
emission spectra of the pure silver 
and iron arcs are shown as the stan- 
dard. The emission spectra of vana- 
dium marked as V and those of 
silver and iron, respectively as Ag 
and Fe. 

A. Test of Chelyosoma siboja 

i. Iron arc. 

ii. Ash of the test of Chelyosoma 


siboja. Vanadium emission spec- 
tra are invisible. 

iii. Pure silver arc. 

B. Soft body of Chelyosoma siboja 

i. Iron arc. 

ii. Ash of the soft body: the triplet 
(3183.40, 3183.98 and 3185.39 A) 
of vanadium emission spectra 
marked V is visible. 

C. Whole body of CynthJ^^ roretzi. 

i. Iron arc. 

ii. Ash of the whole body. The 
vanadium emission spectra are in- 
visible. 
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INTRODUCTION 


In the previous papers, the writer had 
investigated the diurnal rhythm of 
activities in some insects (KatO, 1940a, 
1940b, 1942), and it was noted that in 
the case of the diurnal insects whose 
activities depend upon their tempera- 
ture reactions, the diurnal rhythm of 
activities must be inquired in relation 
to the fluctuation of the temperature 
factors as the outer environmental fac- 
tors, and also to the variation of the 
body temperature as the inner phy- 
siological factors. 

A Dermestid beetle, Attagenus japo- 
nicus, emerges in Sendai during the sea- 


son extending from the latter part of 
May to the end of June, and thus we 
can observe a large number of them 
gathering on the flowers of Chrysanthe- 
mum leucanthemum. It seems to be 
very convenient to investigate the cor- 
relation between the activity and its en- 
vironmental conditions. 

Before proceeding further, the writer 
wishes to express his gratitude to the 
'.late Prof. Sanji Hdzawa for his con- 
tinuous guidance and encouragement 
and also to Prof. Isao Motomura for his 
valuable criticisms. 


THE DIURNAL RHYTHM OF ACTIVITY 


The progression of the diurnal 
rhythm of activities found in a Derme- 
stid beetle, Attagenus Japonicus, is re- 
markably different from that of the 
Strawberry weevil (Kat6, 1937); namely 
the maximum appearance of this beetle 
observed in the forenoon, and thus It 
Is conceivable that the diurnal rhythm 
of activities of this beetle may not be 


so simple as in the case of the Straw- 
berry weevil. It is very interesting to 
notice that (Fig. 1), in the first period 
of emergence extending from the 28th 
of May to the 12th of June, the maxi- 
mum flying activity is seen between the 
10th hour and the 12th representing 
one peak-type of the diurnal rhythm of 
activity, but in the second pericKjl 
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Fig. 1. The diurnal variation of flying 
activity of Attageims japonicus and ita 
environmental conditions. 


of the same extending from the 13th 
of June to the 28th of the same 
month the maximum activity is seen 
twice a day, the first being observed be- 
tween the 8th hour and the 10th in the 
morning and the second between the 
12th hour and the 14th, and thus repre- 
sent two peaks-type of the diurnal 
rhythm of activity. 


THE STATISTICAL INVESTIGATION ON THE CORRELATION BETWEEN 
Tim FLYING ACTIVITY AND THE ENVIRONMENTAL METEORO- 
LOGICAL CONDITIONS 


In order to clarify the relation exist- 
ing between the general activity of the 
said beetle and the environmental con- 
ditions, the flying activity of this beetle 
was inquired in the first place. 

The results obtained by the statistical 
investigation are represented in Table 1. 


From the reference to the value of cor- 
relation ratios we are able to know that 
a high degree of correlation exists, in 
the case of the air temperature. And 
then the illuminating intensity seems to 
be effective only in the morning and in 
the evening. It is, therefore, conceiv- 


Table 1. Correlation ratios calculated between the climatic factors and 
^ the flying activity of the beetle (I"). 


Flying Activity 

Environmental Factors 

Time Interval^ 

Illuminating 

Intensify 

Heliotherniometer 

Air Temperature 

Humidity 

6.00— fl.CK) 

.623 ±.081 

.730 ±.062 

.632 ±.081 

.570 ±.089 

8.(KK 10.00 

.773^.049 

.769 ±.050 

.814 ±.041 

.643 ±.071 

10.00—12.00 

.693 ±.063 

.714 ±,059 

.801 ±.043 

.745 ±.064 

12.00— 14.(K) 

,679 ±.065 

.669 ±.067 

A04±.043 

.550 ±.084 

% 

14.00—16.00 

.413 ±.100 

.594 ±.078 

.771 ±.049 

.803±.043 

16.mK- 18.00 

.539±,088 

.642 ±.072 

.aw ±.071 

.597 ±.082 

18.00—20.00 

.670 ±.070 

1 


.692±.066 

.528 ±.092 
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able that, if the said activity once 
began, namely during the daytime, the 
variation in the illuminating intensity 
Is no more important as a factor affect- 
ing upon the flying activity. 

The maximum abundance of the 
beetle is seen earlier in the case of the 
two peaks-type of activity, shown in 
Fig. 2 (III, IV), than that in the case 
of the one peak-type shown in Fig. 2 
(I, II). It may be understood by con- 
sidering that In the latter case the en- 
vironmental low temperature had in- 
hibited the flying activity In the early 
morning, and this inhibiting action was 
removed in the former case, the air 
temperature becoming higher with the 
advance of the time of the year. 


The remarkable diminution in number 
of beetles observed in the former case 
about at noon is naturally considered 
to be due to the inhibiting action of the 
high temperature, and It was observed 
when the air temperature reached above 
approximately 27 “C. 

It is very noticeable that the maxi- 
mum environmental temperature to 
found before the time when the inhibit- 
ing action of the high temperature was 
observed (Fig. 2). The results of the 
statistical investigation are executed in 
relation to the environmental conditions* 
and the flying activity shown for two 
hours after that are repre.sented in Table 
2 . 

Judging from the high degree of cor- 
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Table 2. Correlation ratios calculated between the climatic factors 
and the flyinp: activity of the Ix^etle. 


Flying Activity ' 

Time Interval 

Time Interval 

Enviionrnental Factors 

1 Illuminatinf? Intensity | Air Temjjerajure 

Humidity 

8.00— -10.00 

6.00— 8.00 I 

1 

.779:fc.044 

.794 ±.045 

.487 ±.094 

/ i0.0(K'l2.0() 

8.(K)— lO.(K) 

.791^.045 

.738±.0.S5 

.65)2 ±.070 

12.rHf— 14.00 

lO.(K)— 12.(K) 

.703 ±..(>61 

.684 ±.064 

.698 ± .062 

in.tx) 

12.00—14.00 

.465 ±.095 j 

.701 ±.062 

.710 ±.060 

18.00 ] 

14.0(^16.00 1 

.597 ±.079 

.692±.(U^ 

.604 ±.078 

18.00— 20.(K) 

16.(K) -18.00 

.481 ±.098 

.644 ±.074 , 

.493:1 .096 


relation ratios, we are able to know that mental conditions preceding that acti- 
there exists a high grade of correlation vity. ^ 

between the activity and the environ- 


THE GENERAL ACTIVITY AND ITS ENVIRONMENTAL CONDITIONS 


We c^n divide the diurnal progression 
of activity into the following seven 
stages, and these were investigated in 
relation to the environmental condi- 
tions. 

(1), The slight movement shown in 
the morning: The time when the slight 
crawling and the cleaning movement 
took place in the morning and the en- 
vironmental conditions on which the 
above activity was started are represent- 
ed in Table 3. It is permissible to think 


that, though the temperature environ- 
ment is favourable enough to begin the 
activity, it is not induced if the light 
environment is not suitable for it. And 
it is also inhibited even by the strong 
illumination if the air temperature is 
low. It Is estimated from Table 3 that 
the lowest effective air temperature Is 
not above 13.6°C and the weakest illu- 
minating intensity is about 1,500-2,900 
lux. 


Table 3. Some record concerning the time when the slight movement of 
the beetle took place and their environmental conditions. 


Date 

3;V1, ’41 

Time 

h 

6.52 

Illuminating 

Intensity 

lux 

4,200—1,5(4) 

Solar Ener^ 

_ 

rAl/<;iu*mln 

Ileliothermometer 

212 

Air 

Temperature 

■'(1 

18.2 

Humidiiy 

% 


8.00 

4,3(X)--2,9(K) 

i 

24.0 

19.8 


1/Vl. ‘42 

7.00 ' 

5,300 

.06 

17.3 

16.8 


:i/VI. ’42 

6.30 

1 21,5(K)-'8,6()0 j 

.4(V~.07 

17.0—14.7 

13.8-13.6 j 

* 82~63 


(2). Beginning of the various normal flower, such normal activities as crawl- 
activities: After dispersion from the Ing, feeding and copulation are per- 
resting place to the surface of tbe formed. As is seen Jn Table 4, the nor-^ 
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mal activity begins at the reading of 
the black heliothermometer of appro- 
ximately 20''C and at the air tempera- 
ture of about It seems that 

the illuminating intensity of about 
20,000 lux or nearly so is favourable 
enough for the activity, and also that 
the light environment becomes not im- 


portatit as a factor influencing upon the 
beginning of the normal activity. It 
may be consequently concluded that 
when once the various normal activi- 
ties began, the activity increases with 
the rising of the environmental tem- 
perature (Fig. 3). 


Table 4. Some records concerning the time when the various normal 
activities began and their environmental conditions. 


Dale j 

Time 

lllumirjflting 

1 In(en,Mity 

Solar Energy 

1 Heliothermomeler 

1 1 

I Temperature | 

Humidity 


\i 

iii\ 

c»l/r,m5imu 



% 


8.3t) 

20, (HX) 


20.7 

}92 


1./VI,’42 

9.45 

23,1(8) i 

.313 

; 21.2 

! 18.9 i 

80 

:!/VI.’42 

8.30 

16,5())) ' 

.130 

20.8 

20.4 

50 

8/Vl,’42 ' 

9,40 

1 J7,«0() 

.182 

J9.H 

* 18.6 ' 

87 

i:VVl,’42 

7.30 

28,50()~1G,2()() ' 
J 1 

.718- .221 

! 21.2 

! 1 

80 



Fig. 3. The diurnal progression t>f the activity of Attagenus japonicus 
and the enva unmental conditiotiH. 
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1’able 3 . Some records t'oncerning the time when tlie first fiying individual 
was observed and iheir environmental conditions. 


Datf 

Tunc 

1 lluinmatiug 

1 Intensity 

Solar Kni rpty 

! HcliollKTiuoinctcr 

1 

Kit 

i Temperature 


li 

In \ 

1 .il 'ctii-iniii 

■ ( ' 


:VVj,’4l 

8.f)3 

e,8(H)* ^ 


26A 

22.7 


e.oo 



28. S 

28.8 

l/Vl/42 ; 

lO.lT) 

1S,4(K) 

J7S 

21.0 

10. 1 

3/V1P43 

8. In 

In, 0(10 

.170 

24.7 

^ \\K4 

avi, '42 

9.Z0 

J(),r)(i0^14,700 

.i7n-.ln;i 

20.2 

' J8.8 

15/Viy41 1 

iKnl) 

' 34,.S00 

! 


j 10.7 

1 M.V 


(3) . Beginning: of the flying activity: 

The flight begins at trie same Lime when 
the normal activity takes place or 
rather a little earlier than that (Fig. 
3). The associative action ol the light 
and the air temperature affectir.g upon 
the said flying activity is recognized ni 
Table 5. It seems that the minimum 
effective illuminating intensity which Is 
strong enough to induce the flying acti- 
vity is approximately 10,000 lux and the 
minimum effective temperature when 
the beetle are able to f.’y is about 15.0 C 
or nearly so. 

(4) . Vigorous activity takes place: 
After the normal activity takes place 
and the flying beetle begins to ai^pear, 
the activity becomes vigorous. 

(5) . Migration to the under surface 
of the flower: When the sunshining 
becomes intense, the beetle represents 
the behavior as if they were put under 


the nervous condition and thi'n migrates 
to the under surface of the flower, and 
finally all beetles gather at the portion 
of the involucre and become motion- 
loss. Judging Irom Table 0. the light 
intcnsily seems not to b(' the main iac*- 
tor effective upon the said migrat,ion. 
It Is naturally expected that, it the en- 
vironmental temperature and tl'ie read- 
ing of the black heiiothermomeler are 
respectively below 25 and 30 C, the mig- 
ration of the beetle to the under sur- 
face of the flower, that is, the weaken- 
ing of the activity may not be induced 
and the beetles may be continuously 
active. This fact was clearly seen in 
the observation made on the 8th of June 
(1942), when the air temperature and 
the reading of the black heliothermo- 
meter did not show respectively above 
22'C and 28‘"C and the environmental 
temperature was always in the optimum 


Table 6 . vSome records concerning the time when the l)eetle migrates to the under 
surface of the 'flower and their environmental conditions. 


Date ! 

Time 

1 IllurninatinK 
Intensity 

Solar Energy 

1 Heliotliennoineter 

I Air 

i Temperature 

Humidity 


h 

i)i\ 

cdl 

' c 

n: 

% 

S,Wl,’4l 

0.88 

08,r>oo-^2],70o : 


80.2 

20.8 


16/VI, '41 

ITOO 

58,8(M) 


29.5 

24.0 


1/VI, ’42 ‘ 

12.15 

; 59,400 

1 .288 

‘ 80.0 

24.5 

58 

;i/vi, '42 

10.80 

128.0()0 

1..5(D 

80.0'-29.0 

24.4-24.8 

45 

I.WJ, ’42 

lO.(M) 

1 27, OOOr- 110,000 

1 880-1.840 

:n.2 

^ 25.7 

02 
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zone of activity (Pig. 3). 

(6) . Recovering of th/e activity: 

When the vigorous sunshining is weak- 
ened, the beetles become again active, 
and are found on the surface of the 
flower. 

(7) . Entering into the resting condi- 
tion: In the dusk of the early evening 
the activity of the beetles become gra- 
dually weakened and finally they enter 
into the rcsti)^? condition of the night 
(Fig. 3). Tlie temperature seems not to 
b(‘ vso eftective in this case, but the light 
intensity seems to be the limiting factor 
infliuaicing upon the activity. If the illu- 
minating intensity becomes weaker than 

10.000 lux, the activity is gradually 
weakened and if it becomes lower than 

3.000 lux, the active beetles can hardly 
be seen. 

It Is noticeable that, differing from 
the case of the inhibiting action of high 


temperature, the beetle becomes motion- 
less not only at the portion of the in- 
volucre but also at the border of the 
tubular flowers and between overlapped 
two petals of the ligulate flowers. The 
thigmotaxLs of the beetles is observed 
in the case of the resting condition of 
the evening being induced from the 
cessation of the activity which was 
lorced by the weak illumination. Thus 
it seems to be understood that the beetle 
which becomes motionless are found at 
any part of the flower. 

Judging from the above mentioned 
fact, we learn that the diurnal rhythm 
of activity of the Dermestid beetle is 
not only governed by the temperature 
reaction, as was generally recognized in 
the case of the Strawberry weevil 
(Katd, 1940a) and Prumna uzume 
(Kato, 1942), but is also influenced by 
the light environment. 


THE MICRO-CLIMATE OF THE FLOWER AND THE BODY TEMPERATURE 
OF THE BEETLE IN RELATION TO THE BEHAVIOUR OF THE SAME. 


it is' necessary to measure the micro- 
climate of the flower, for the beetle 
lepresents various peculiar behaviours 
on the surface of the flower and on the 
under surface of the flower, according 
to the change of their environments. 
Especially it is Important to clarify how 
the involucre prepares a low tempera- 
ture environment for the beetles mig- 
rated there when they were affected by 
the high temperature. 

It is also necessary to measure the 
body temperature of the beetle, because 
the environmental temperature is effec- 
tive not directly but indirectly through 
the body temperature upon the activity 
(Kat6. 1940a). 

The air temperature was measured by 


thermocouple at the seven portions, viz. 
(J) at the height of 10 cm above the 
flower, (2) at the portion of the tubular 
flowers, (3) on the borders of the tubu- 
lar flowers, (4) on the surface of the 
petal of the ligulate flowers, (5) be- 
tween overlapped two petals of the ligu- 
late flowers, 6) on the under surface of 
the petal of the ligulate flowers and (7) 
at the portion of the involucre. The 
attention was especially paid in mea- 
suring the temperature of the thin layer 
of the air close to each portion of the 
flower mentioned above. The body 
temperature was measured by a special- 
ly prepared thermocouple which was 
used In the case of the Strawberry 
weevil (Kato, 1937) and which was 
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made to measure the difference be- surements of the micro-climate and of 
tween the body temperature and the air the body temperature were represented 
temperature. The results of the mea- in Fig. 4, 5. 



Fig. 4, The micro-climate of the flower and the body tcin|HTature of the beetle. 

1 ; the air temperature at the height of 10cm above the flowt-r 

2 : the ;'iame on the portion of the tubular flowers 

3: the H&mv on the borders of the tubular flowers 

4 ; (he same on (he surface of the petals of the ligulate flowers 

5 : the same between overlapped two petals of the ligulate flowers 
6: the same on the under surface of the i>etais of the ligulate flowers 
7 : the same at the portion of the involucre 


I. THE MICRO-CLIMATE OF THE FLOWER. 


Three types of micro-climate were 
distinguished, 

(i) . The first type: — It is isother- 
mal at each portion of the flower. This 
type is seen in the night and In the 
cloudy weather (Fig. 4, A, B; Fig. 5, B, 
C, D). 

(ii) . The second type: — The tem- 


perature is highest at the portion of 
the ligulate flowers (Fig. 4, C). For a 
while after the sun begins to shine in 
the morning or after breaking of clouds, 
the air temperature is highest either 
on the tjortion of the surface of the 
ligulate flowers or between overlapped 
two petals of the same, and it is fairly 



Fig. 5. The micro'ciimate of the flower and the body temperature of the beetle (2). 
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low at the portion of the tubular 
flowers. 

(iil). The third type:— The air 

temperature is highest at the portion 

II. MEASUREMENTS OF 

The body temperature of Attagenus 
japonicus is remarkably affected by the 
solar radiant heat as Ls clearly seen 
from Fig. 4, 5. Thus the primary flue- 
tuation process of the body tempera- 
ture of the said beetle is influenced by 
the solar radiation. The influence of 
the humidity and the wind intensity 
(Fig. 5) must not be overlooked, but 
these are effective only under the con- 
dition of the weak solar radiation and 


of the ligulate flowers (Fig. 5, A). This 
type Is in general observed in the day- 
time under the sunshlning. 


THE BODY TEMPERATURE. 

are effective secondarily upon the pri- 
mary process, controlled by the solar 
radiation. This phenomenon is just 
identical with the case of the Straw- 
berry weevil. The body temperature is 
higher than the air temperature 
under the sunshlning, and therefore the 
absorption of the radiant heat is simi- 
lar to or a little weaker than that of 
the Strawberry weevil (Kat6, 1937). 


III. THE RELATION BETWEEN THE MICRO-CLIMATE OF THE FLOWER 
AND THE BEHAVIOUR OF THE BJIETLE. 


It may be permLssible to think that 
the type of the micro-climate does not 
give any influence directly upon the 
behaviour of the beetle and that the 
temperature environment itself to 
which the beetle is exposed and the 
body temperature of the beetle itself are 
the factors that control the behaviour 
of the beetle. 

The said migration of the beetle Is 
always observed under the strong sun- 
shlning and therefore the micro-climate 
of the flower belongs either to the sec- 
ond type or to the third. Accordingly 
the remarkable temperature gradient is 
recognized at various portions of the 
flower, and thus the temperature at the 
surface of the flower is about l^C higher 
than that of the under surface of the 
same. Moreover the body temperature 
of the beetle which is active on tpe 


surface of the flower is about 1-3®C 
higher than the air temperature, influ- 
enced by the solar radiation. Thus it 
may be concluded that the beetle rest- 
ing at the portion of the involucre Is 
said to be exposed to the temperature 
environment about 2-4 ""C lower than 
that of the surface of the flower. It 
is noticeable that the low temperature 
environfnent observed at the portion of 
the involucre is not always made only 
by the low air temperature, but by the 
absence of the solar radiation. The es- 
timation that the body temperature in 
the case of the migration may be 26- 
27''C judging from Fig, 4, 5, is just iden- 
tical with the fact that the said be- 
haviour was observed when the air tem- 
perature and the reading of the black 
heliothermometer were above 25 and 
BC’C respectively, 
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CONCLUSION. 


In the present paper, the writer in- 
vestigated the correlation that exists be- 
tween the diurnal rhythm of activity of 
the Dermestid beetle, Attagenus japoni- 
cys, and its environmental conditions, 
and he also investigated the main fac- 
tors that control the said activity and 
the mechanism of the rhythm of acti- 
vity. 

In the case of the Dermestid beetle 
the activity takes place in the morning 
when the inhibiting actions of low tem- 
perature and also of the weak illumina- 


tion are removed. When once the vari- 
ous normal activities took place, the 
beetle becomes more active with the ris- 
ing temperature. In the dusk of the 
early evening the beetle enters into the 
resting condition, controlled by the 
weak illuminating intensity. 

On the course of the said progression 
of the diurnal rhythm of activity, the 
weakening of the activity is observed 
in the daytime when the sun shines 
intensely and the temperature environ^ 
ment becomes very high. 
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In November of 1943, Hydramoeba 
wa.s first discovered on the fresh-water 
polyp, Hydra japonica, which was col- 
lected from a pond near Sendai. During 
the period from this season to the au- 
tumn of 1947, the amoebae were found 
several times on five species of fresh- 
water polyps obtained from various 


localities. 

The amoeba with its host was fixed in 
Bouin’s picroformol and sectioned at 5, 
7 and 10 microns thick, and stained by 
Heidenhain’s iron-alum haematoxylin. 
The writer is indebted to the Late 
Prof. Sanji Hbzawa and to Prof. Mutsuo 
Kat6 for their kind guidances. 


OBSERVATIONS 


Form.— Very changeable. Form on 
the body-surface of the host (Text-fig. iJ 
A and D); When at rest, commonlyj 
Verrucosa-type, with knob- or finger- 
like pseudopods, when in motion, more 
elongated in shape, with an enlarged 
main pseudopod and a few small ones, 
and occasionally the animal crawls 
around making the so-called walking 
movement. Form in the coelenteron of 
the host (Text-fig. 1, F): Usually 
Proteus-type, with somewhat indistinct 
pseudopods, or Verrucosa-type, Form 
detached from the host (Text-fig. 1, B 
and C): Topical Proteus-type in gen- 
eral, but several hours after detachment 
changing to typical Limax-type, showing 
actively Planaria-like locomotion at 
about 178 microns per minute (observed 
at 20"C). 

Size — Relatively variable according to 


its form. 95% fiducial ranges of mean of 
maximum length of body are as follows: 

Verrucosa-type, 41.2-53.8 microns; 
Proteus-typc, 69.4-90.0 microns; Limax- 
type, 136.4-156,2 microns; individuals in 
the coelenteron, 36.8-39.2 microns. 

Protoplasm. — Distinguishable into a 
rather thick and transparent ectoplasm 
and a granular endoplasm which is 
cotoured slightly bluish grey in Verru- 
cosa-type and slightly greenish blue in 
Proteus- and Llmax-types. 

Nucleus. (Text-fig. 1 Spherical or 
rather ellipsoidal in shape, suspended 
wiljiin a perinuclear vacuole, and light 
bluish and fairly strong light-refractive 
in life. 10.47-11.69 microns (95^ fiducial 
range of mean) In long diameter, and 
commonly single, but sometimes 2 or 3 
in number. Its structure Is the so-called 
nodified vesicular type, and almost 
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Text-fig. ]. Ilydramocba hydroxt-na fr<.)ni Jni)nti. 

A, Vernicosa*tvi)e. R, Protous-type*. C, LimnX'fyp,t\ D, F<»ri7i in 
walking Tnoverncnl. K, Cyst. (All aic diawn from living spccinn'iiw ). 

F, An anio(ba in the roclt nkinn of tl»e boat, fccrling on its rntlorh nnal 
rcU A C, xblH); D, x:^()(); x7()0; F, x9n(). 


agrees with those described by Reynolds 
and Threlkeld (1929), and ectokaryo.so- 
mal chromatin 2-3 microns thick and 
endosome 4-5 microns in diameter (ca. 
1/3 of that of nucleus). 

Crystals in the endoplasm. — Many in 
number, of orthorhombic form, 1-2 
microns in length, and disappear in the 
sectioned specimen. 

Small spherical bodies in the endop- 
lasm.-- Relatively many in numbpr. 
usually located near the margin of 
endopla.sm, 2. 5-5.0 microns in diameter, 
strong light-refractive in life, and ap- 
pear vacuoles in the sectioned specimen 
(Text-fig. 1, F). 

Contractile vacuole. — Usually single 


but sometimes 2-3 in number, located 
generally in the posterior half of the 
animal, and rather larger than nucleus 
in maximum expansion. 

Cyst. (Text-fig. 1, E). —Commonly 
spherical in form, 27.5-29.7 microns 
(95'/r fiducial range of mean) in dia- 
meter, surrounded by a thick membrane 
which shows strong light-refraction, 
ahd with single or more nucleus and 
sometimes provided with the nemato- 
cysts of the host and a large vacuole. 
The encystation is ordinarily observed 
soon after the death of their hosts and 
sometimes at the detachment from 
them. 

Edition between the amoebae and 
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their hosts, — During the early stage of 
infection, the amoebae attach mainly to 
the tentacles of their hosts, especially 
to their tips, and thus these tentacles 
represent no elongated normal attitude 
(Text-fig. 2, a). The 'tentacles then 
become shorter and the parasites spread 
over the surface of the column (Text- 
lig. 2, b). Thus the host becomes in- 
active and can hardly capture its prey. 
Thereafter the polyp tends to the 
i)henomenon of so-called “depression.” 
hi such condition of infection, there are 
also many amoebae in the coelenteron 
of the host, and the tentacles disappear 
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Text-fig. 2. Several stagen of the in- 
fected fresh-wuter polyi> with amoebae, 
ca. X l(t. 

before long (Text-fig. 2, c). In the 
endoplasm of these parasites, numerous 
food-bodies Ingested from their hosts 
are present, and thus In the sectioned 
specimens of the Infected polyp the 
amoebae are observed feeding on the 
cells of the polyp (Text-fig. 1, F). The 


» 

nematocysts of the polyp are ingested 
into the endopla,sm of the amoebae in 
undischarged state. In the late stage 
of infection, the column becomes rather 
a small ellipsoidal or spherical form, 
with numerous amoebae attached to the 
whole surface and in its coelenteron 
(Text-fig. 2, d), but soon after vanishes 
from sight. Death of the host may 
occur in about one week after infection 
in the case of the laboratory observa- 
tion (cultured at ca. 25''C). 

Several species of the Iresh- water 
polyp in Japan were infected with 
Hydramoeba and the parasites were al- 
most similarly pathogenic to each 
species. But the resistance to the para- 
sites appears to be rather strong in the 
(‘ase of Pclmatohydra robusta, a species 
ot large form, and also in the polyps 
symbiosed with the green algae. 

The amoebae have been hitherto 
observed in following seasons: Novem- 
ber (In nature, a pond near Sendai) 
and December (in laboratory) 1943; 
April, July, and August (in laboratory) 
1944; June (in nature, a reservoir in 
Miyato-shima, Matsushima Bay, Miyagi 
Pref.) and July (in laboratory) 1945; 
September (in nature, a pond near Ko- 
gota Miyagi Pref.), Thus the amoebae 
seem to appear in all seasons of the 
year except for the mid-winter, and no 
marked seasonal variation in form and 
habit of the amoebae was observed. 

Some experiments were executed on 
the effect of the hydrogen ion concent- 
ration, temperature and salinity upon 
the amoebae which are infecting on the 
two species of polyp, Pelmatohydra 
robusta and Hydra magnipapillata. 
Each of 10 polyps in the early, middle 
and l^te stages of Infection which were 
cultured in the medium of pH 7.0 were 
transferred the culture media of various 
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hydrogen ion concentrations^prepared to tivity of the parasites. However, the 
be In the range from pH 5.0 to 9.4 at diluted sea-water In the range of tore- 
interval of 0.4 (cultured at 22'’C). Con- lance for the polyps was effective to the 
clusively, a remarkable difference of the destruction of the amoebae. For In- 
Infectlng progress was not recognized stance, each of 20 Infected polyps in the 
between the experimental media and the three stages mentioned above were 
original one. Uninfected polyps which placed in diluted sea-water of 0.3% 
were put in the culture media men- (cultured at 22‘'C). 24 hours after trans- 
tioned above, except for those of pH ferying, 62% of the polyps were set free 
5.0, 5.4, 9,0 and 9.4, were in normal from the Infection of the amoebae and 
healthy condition. Sudden changes of there gradually recovered their health, 
temperature, in the range of torelance In this case, however, the host in the 
for the polyps produced no effect on the late stage of infection almost died, and 
pathogenicity of the amoebae. Thus, it it appears to be remarkably unfavour- 
seems that such changes of the environ- able for the polyps to be put in more 
mental conditions above alluded to give diluted sea-water, 
no special effect on the pathogenic ac- 

DISCUSSION 

The present Hydramoeba resembles each other in some features as shown in 
the European (Entz, 1912; Wermel, 1925) the following Table I. 
and North American Hydramoeba (Rey- The Japanese Hydramdeba is smallest 
nolds and Looper, 1928; Reynolds and in size among them and it differs from 
Threlkeld, 1929; Threlkeld and Reynolds, the European amoeba in several charac- 
1929) in its structure and habit. But ters and is rather closely allied to the 
these amoebae recorded from the above- American form In general, especially in 
mentioned three localities differ from the pathogenicity to its host. 


Table I. Comparison between features of Hydramoeba described 
from three localities. 



j European amoeba 

! American amoeba 

Present amoeba 

Length of bo<l>^ 

100-380^ 

60 380 m I 

usually 125— 150 m 1 

i 

i 

26—210 M, 

95% fiducial range of mean: 
Vcrrucoafihtype, 41—54 m 
P roteius-type, 69—90 m 
Limax-type, 136 — 156 m 

Niimber of nucleus 

1-5, 

1 usually 2 

; 1-4, : 

usually 1 i 

1~ 3, 
usually 1 

Long diameter 

of iiucleuH 

, 14- 30 m 

, 10 - 18 M 1 

10 — 16 m. 95% fiducial range 
of mean: 10.5— 11.7 m 

Length of crystal 

' 3— 4 M 

: i 

1-2 M 

Diameter of 

spherical body 

) 9— 12 m 

! 

2.5'~6.0 M 

Pathogenicity 

None 

Serious { 

Serious 
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Reynolds and Threlkeld clarified the 
morphological correspondence between 
the European and American amoebae by 
the exchange of both specimens. And 
as to the physiological difference be- 
tween both amoebae, Threlkeld and Rey- 
nolds considered that it is due to the 
difference of the hydrogen Ion con- 
centration in the culture medium. But 
this conclusion appears not to agree with 
the result of the writer’s experiments in 
which the materials of the host was 
Pelmatohydra robusta, a species distinct 


m 

froifi the American Pelmatohydra oll- 
gactls. It was concluded in the present 
study that the pathogenic activity of 
the parasites suffers no marked influ- 
ence by the difference of the hydrogen 
ion concentatlon in the culture medium. 

Here, however, judging from the close 
resemblance in the general characteris- 
tics of these amoebae and the descrip- 
tions by Entz, Reynolds and other 
American authors, the present Hydra- 
moeba in Japan should be identified as 
Hydramoeba hydroxena (Entz). 
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The morphology of nematocysts In 
the fresh-water polyp has been con- 
sidered as an Important taxonomi? fea- 
ture. Since the morphological stability 
of the nematocysts is not known, the 
writer made a statistical investigation 


on the problem with the results herein 
stated. 

The writer wishes to thank Prof. 
Mutsuo Kat6 for his supervision during 
the course of study. 


MATERIALS AND METHODS 


The 70 individuals of Pelmatohydra 
robusta used for the investigation were 
taken from a largo Jar placed in the 
yard of the Biological Institute. These 
fresh-water polyps are descendants 
from the individuals which were col- 
lected from a spring at the Yokoyama- 
Fuddson, Miyagi Pref, in 1944 and kept 
under natural conditions in the above- 
mentioned Jar. The measurements were 
made on 5962 nematocysts during No- 
vember and December of 1947. The 
polyps taken at random from the large 


jar were immediately enclosed “"in 
phenol-glycerin (distilled water 200 cc, 
glycerin 200 cc, and crystalline phenol 
1 gr.) and the length and width of the 
nematocysts found in them were meas- 
ured by the ocular micrometer. In the 
case of comparison between the nema- 
tocysts in the parent and those in the 
bud, the budded individuals were cut 
into a parent-body and a bud-body, and 
separately prepared then examined as 
mentioned above. 


RESULTS AND DISCUSSION 


I. Morphological variation of the 
nematocysts 

There are four types of nematocysts 
in the fresh-water ix)lyp, viz. penetrant, 
large (streptoline) glutinant, small 


(stereoline) glutinant, and volvent; 
their forms are shown in Text-fig. 1. 

The frequency polygons obtained 
from the measurements of length and 
width of the nematocysts of the four 
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Text-fig. 1. Four types of nematocysts in 
Pelmatohydra robtista. 

A, Penetrant. BandC, Large glutinants. 

D, Small glutinant. E, Volvent. x20(Kl, 

types appear to represent respectively 
the normal frequency distrtbutlon 
(Text-fig. 2). 

The means and coefficients of varia- 
tion of length and width of the nemato- 
cysts of the four t5rpes are given in 
Table I. The significant differences 
between the means of size of the four 
types are respectively recognized, and 
the mean value decreases in the orders: 
penetrant, large glutinant, small gluti- 
na^^t and volvent, in length, penetrant, 
volvent, large glutinant and small gluti- 
nant, in width. The coefficient of varia- 
tion is considerably small in general, 
varying between 4 and 10 per cent. 


No. 



Text-fig, 2. Frequency polygonn of length 
and width of nemuiocy.sia of four types. 

Polygons of fine line, width ; those of 
bold line, length. 


Table 1. Means and coefficients of variation of length and width 
of nematocysts of the four types. 



( Mean 

Length ! 

(/“) 

Width i 

Coefficient 

Length 

of variation 

1 Width 

1 

1 Number of 
individuals 

Penetrant 

n.92±0.03 i 

8.73 *.0.02 

9.40*0.1.5 

1 

9.93*0.16 

1899 

Large glutinant 

! 1(1.34 ±0.0] ; 

[ 1 

3.997* 0.004 1 

4.0.5*0.07 

j 

j 

:?.82±0.06 

1835 

Small glutinant 

I 8.52^:0.02 , 

3.80 ±0.01 1 

6.35*019 


5..53*016 

577 

Volvent 

6.25 ±0.02 

4.34 *0.01 

7.74*0.19 

! 

9.30*0.22 

851 


The difference between them are in- pear-shaped nematocysts of two kinds is 

dlvldually significant, and thus the larger than that of large and small 

variability of length and width is glutlnants. 

largest in penetrant and smallest in The frequency polygons drawn from 
large glutinant. Generally that of the the values of L/W (L^-^length, 
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Text-fig. 3. Frequency iX)lygons of L/W 
of nematocyftts of the four iyi)es. 


W™width) Of the nematocysts of the 
four types (Text-fig. 3) seem to show 
respectively the normal frequency ciiSr 
tribution. 

The difference between the means 
and between the coefficients of varia- 
tion of L/W of the four types are in- 
dividually significant. The mean in- 
creases In the order: penetrant, volvent, 
small and large glutinants. The co- 
efficient of variation of L/W varies be- 
tween 4 and 6 per cent. The variability 
of L/W is smaller in penetrant and vol- 
vent, especially in the former, than that 
of length and width mentioned above, 
but rather larger in large glutinant. 
And it is smallest in penetrant and 

next in large glutinant (Table 11), 

* 

Judging from the coefficient of cor- 
relation between length and width, a 
positive correlation is recognized in each 
type of nematocysts, being highest in 


Table 11. Means and coefficients of variation of L/AV, and coefficients of 
correlation between length and width of nematocysts of the four types. 


Mean j Coefficient of Variation j Coefficient of correlation 


• Penetrant 1.377-1 

Large glutinani 2.590:1 

Small glutinant 2.238 dt. 

Volvent i 1.443-± 


(1.091 i 

:i.7H±().00 

().(»03 

4.02 d 0.08 

o.doo 

0,04 ±0.18 

0.00.3 

0.27 ±0.1.5 


0.924 ±().()()3 
03^ ±0.021 
0.523 ±0.030 
0.723 ±0.010 


penetrant and lowest in large glutinant. 
It increases in the reverse order to that 
of the mean of L/W (Table II). 

Therefore, judging from the statistic- 
al analyses on the measurements of 
nematocysts as stated above, the fol- 
lowing conclusions may be reached. 
The variability of length, width and 
L/W of the nematocysts of the four 
types is rather small, namely the mor- 
phological stability of the nematocysts 


is considerably high. Among the four 
types of nematocysts, the large gluti- 
nant ^ is smallest in the variability of 
length and width and also not too large 
in that of L/W though the length does 
not highly correlate with the width. 
ThCvSe characters of the large glutinant, 
together with the character of its 
thread, seem to be valuable as a taxo- 
nomic characteristic. Although the 
penetrant is largest in the variability of 
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length and width, it is smallest in that 
of L/W and shows the highest positive 
correlation between length and width. 

In consequence, the large glutinant is 
most stable in length and width, name- 
ly It appears to have the most stable 
size, while the form of the penetrant 
seems to be most stable, among the four 
types of nematocysts. 

■ fl. Morphological comparison betwee'' 
the nematocystB in parent and those in 
bucL 

« 

The measurements of Uie nemato- 
cysts in the buds, in the two stages of 
development, viz. one stage in which 
the tuberculose tentacles have slightly 
rlsed and the other which has just de- 
tached from the parent (the former is 
represented by and the latter by B-). 
were compared with those of their 
parents (P’ and P-). In this case, the 
size of the most variable penetrant and 
the most stable large glutinant, and the 
L/W of penetrant that is most stable, 
as mentioned above, were selected. 

The frequenecy polygons drawn from 
the measurements are shown in Text- 
fig. 4, A and B. 

As regards the means of width and 
L/W of penetrant and length and width 
of large glutinant, the difference be- 
tween B’ and P' is not statistically 
significant, while the difference be- 
tween the means of length of penetrant 
in B' and P’ is barely significant. The 
means of all the said values in B- are 
not individually significantly different 
from those of P- (Table III). 

Jxidging from the results mentioned 
above, it is easily recognized that in the 
course. of the growing of the buds, t^he 
size and form of the said nematocysts 
may be not significantly different from 


r 

A 



B 



Tex(-fi(?. 4. Frequency ixilygoriH of lenglii and 
widtli of penetrant and large glutinant and of 
L/W of penetrant in Bj, Fi and I\.. 

A. Compare on between Bi and Pi, 

B, Comparison between Bl» and V-^. 
Pt>ly8onK of fine line, width ; those of bold 

line, length ; those of broken line, hud ; 
those of full line, parent. 

those of their parents. 

Consequently, it Ls considered that 
the afore-said relations between the 
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Table III. 

Comparison between means of length, width and L/W 
nematocysts in parent and hud. 

of 


* Penetrant 

Large glutinant 

Penetrant 

Number of 


Lengtli { m ) 

Wicltb (ju) 

Length (m) 1 

Wnlih (,m) 

L/W 

individual 

hi 

0.07 

8.37rL0.05 

lo.W ± 0 . 0:5 

.'5.07 -1 0.01 

1.884 -i().002 

200 

Hi 

11.2(H.0.07 

8.20d-0.00 

10.01 ±0.02 

.5.07±0.0J 

].:57ti ±0.002 

200 

1) 

0.:U4 0.10 

().17t+-0.08 

o.o:i±o.o4 

0.00±0.01 

0.tKl8±0.00:5 


R 

:gi() 

2.12 

o.7r> 

0.00 

2 07 ; 



0.0() 

8.20 -a O.OS 

jo.:{o±().o2 

;5.04±0.01 

l.;i80± 0.002 

200 

It 

1 i.si -t'D.o:) 

8.l7riO04 

J0.42±0.02 

:5.04±().01 

i:58:5±0(r02 

200 

I) 

0.15±0.(I8 

0.12-1,0.00 

0 . 0:5 ± 0 . 0 ;: 1 

0.()0±0.01 

O.tHtO ± 0 . 00:5 ; 



1 .88 

2.00 

L(H) , 

0.00 

0.00 


L, 

DiffeJciKT bet 

ween mean'-. K, 

Difference bet we 

en means / Slaiuiard error (;f difference. 


nnnalocyst.s in the bud and parent arc 
oio.scly connected with the condition of 
production and con.sumption of the 
nematocysts in both bodies. 

In conclusion, there are recognized al- 
most no significant differences between 
the size and form of nematocysts in the 
bud and parent, and it may be noted 
that in the course of taxonomic study 


it is not necessary to take into con- 
sideration the biometrical characters of 
the nematocysts regarding the age of 
the asexually growm polyps. 

In the presen I study the nematocysts 
of the sdxually grown young polyps were 
not dealt with, because such young in- 
dividuals are only seldom found in na- 
ture. 


SUMMARY 


1. The morphological variaiion of 
the nematocysts of the four types in a 
fresh-water polyp, Pelmatohyura ro- 
busta ltd, was investigated statistically 
and a morphological comparison be- 
tween the nematocysts in the bud and 
in the parent was made. 

2. The coefficient of variation of 
length and width of the nematocysts of 
the four types Is 4-10^^ and that of 
L/W is 4-6^:^. The morphological sta- 
bility of the nematocysts seems to be 


considerably high in general. 

3- The variability increases in the 
following order: large giutinant, small 
glutinant, volvent and penetrant, in 
length and width; penetrant, large 
glutinant, small glutinant and volvent, 
in L/W. Namely the size seems to be 
most stable in the large glutinant and 
the form is in the penetrant. 

4. The biometrical differences of size 
and form are hardly recognized between 
the buds and their parents.* 
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In a taxonomic stucly of the fresh- 
water polyp it is important whether the 
nematocysts are morphologically differ- 
ent between the tentacles and the 
column.- The present paper deals with 
the statistical investigation on this 
problem and on the relative abundancy 


of the nematocysts of the four types 
found in the polyp; and the observation 
where the nemat(x*ysts are formed or 
discharged was made. 

The writer is indebted to Prof. Mutsuo 
Kat6 for the help rendered him. 


MATERIALS AND METHODS 


The 30 individuals of Pelmatohydra 
rnbusta taken from the large jar, as 
mentioned in the previous paper (1949), 
were used. These living specimens were 
immediately cut into two parts, viz. the 
tentacles and colilmn, in stretched state, 
and both parts were enclosed separately 
in phenol-glycerin, and then the undis- 
charged nematocysts in each part were 

RESULTS AND 

I. Morphological comparison between 
nematocysts in tentacles and those in 
column. 

The penetrant and large glutinant 
among the four types of nematocysts 
were examined, because the small glu- 
tinant and volvent appear to be mostly 
still Immature In the column. 


measured by the ocular micrometer. The 
measurements were made in November 
of 1947 for the 1899 penetrants, 1835 
large glutinants and 1111 volvents. All 
of the nematocysts of the four types 
which appeared in the sight of the 
microscope were counted and the body- 
part where the nematocysts are formed 
or discharged was observed. 

DISCUSSION 

The frequency polygons drawn from 
the valued of length, width and L/W 
(L.--length, W^width) of the penetrant 
and large glutinant in the tentacles and 
column are shown in Text-fig. 1. 

The means of length and width of the 
penetrant and large glutinant are signi- 
ficantly different between both of the 
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Text'fi^. 1. Fi(qucncy p<)lygMi^ of Icngili, 
width and L/W of pemjtiant and laigc glutinant 
in tentacles and column. 


Polygons t)f fine line, vvidll), llio-'^e of Indd 
line, lenglli ; those <d full hiie, lentaclt's ; 
those of broken line, column. 


body-parts, that is to say, the penetrant 
and lar^e glutinant in the tentacles are 
larger in size than those in the column, 
and this difference is more remarkable 
in the penetrant than in the large 
glutinant. The difference between both 
parts of the penetrant is more distinct 
in the width than in the length, but in 
(he case of large glutinant this relation 
is just the reverse (Table I). 

In the coefficients of variation of the 
above-mentioned characters, the signi- 
ficant difference between the tentacles 
and column is recognized only in the 
penetrant. The variability in size of the 
penetrant is larger in the column than 
ill the tentacles, and this difference is 
relatively more" distinct in the width 
than In the length (Table I). 

The means and coefficients of varia- 
tion of the L/W of nematocysts of tlie 
two types in the tentacles and column 
are given in Table II. The difference 
between the means in the tentacles and 
column Is significant only in the 


Table 1. Comparison between means and coeflieients of xarialion of length 
and width of penetrant and large glutinant in tentacles and eolumn. 




Mean 

(m) 

CoeOicient of 

variation ( % ) 

; NuiTibt± of 



Lengtli 

Widf}) 

Lengtlr 

Width 

, individuals 


T 

12.HSd.O()4 

± 0 . 0:1 

8.75 ±0.20 

8.85 ±0.21 

; 922 


C 

ii.dr):t 0.04 

7.95 d 0 . 0:1 ' 

10.18-i 0 . 2:1 

11.14:10.25 

977 

Penetrant 








D 

1. HO ±0.00 

l.()l4 0 04 I 


2.29 d 



R 

so.d 

40.2 ■ : 


6.9 

1 


! q' ! 

10.40±0.01 

4 . 0:1 ±0.01 

:j.94±0.10 

:i.75±0.09 

858 


i (' ' 

10.20±0.0J 

.'{.97 ±0.01 

4.07 ±0.09 

4.U)±0.01t 

; 1)77 

Large glutinant 

i ! 

1 

0.00±0.0l 



i 

; J) i 

0.11 ±0,01 

o.i:i± 0 . 1:1 

0.25d 0,12 



R ’ 

1 

11.(1 j 

6.0 I 

1.0 i 

1.9 

' 

T, Tentacles 
/standard error 

; C. 
of diff 

column ; J), 

eiencc. 

difference between 

riK ans ; R, 

difference bet 

ween means 


penetrant, and barely insignificant in penetrant is smaller in the tentacles 
the large glutinant. The L/W of than in the column, namely the indivi- 
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duals in the former are broader in form larly to the case of the mean value. And 
than those in the latter. In the co- the variability of L/W of the penetrant 
efficients of variation of L/W, the dif- is larger in the column than in the 
ference between the both body-parts is tentacles, 
significant only in the penetrant simi- 


Table 11. (■()mi)anson between means and coefficients of variation of 
L/W of i)t‘netranl and largt' glulinant in tentacles and column. 



! 

M( an 

1 CoefTicicni nf variation ( g',') 


T 

-f (1 (loi 

2.94 4. 0.07 


C ; 

I. :5a:-' + 0.002 

i 4. .2 1+0.10 

rant 

D ; 

O.O.S] -i 0.002 

i 1., 27 + 0.12 


' R 

l.S..') 

11.4 

1 


! 't ; 

2 r>Sl 4 0.004 

j 4.74+0.11 

L;uR(.‘ j.'Iulinant 

<' ; 

2.S97d:0.004 

; 4.49 + 0.10 

1) 

O.0104 0.000 

; 0.2.5 + (►,!. 2 


’ R 

2,7 

1.7 

1 


As mentioned above, the difference.s 
between the means of length and width 
of the pemetrant and large glutinant in 
I he tentacles and those in the column 
are statistically significant, namely the 
nematocysts of both lype.s in the tenta- 
cles appear to be larger in size than 
those in the column. In the coeffici- 
ents of variation, the difference between 
the both body-parts is only significant 
in the penetrant, and its variability is 
larger in the column than in the tenta- 
cles. Only in the penetrant, the means 
and coefficients of variation of L/W in 
the column are significantly different 
from those in the tentacles, and the in- 
dividuals in the column are narrower 
and more variable in form than those 
in the tentacles. 

These afore-said relations between the 
nematocysts In the tentacles and those 
in the column seem to be closely con- 
nected with the forming and dLscharg- 
ing of them as mentioned below. 

Consequently, for taxonomic purpose 


the differences in the size and form 
between the nematocysts in the tenta- 
cles and those in the column .should be 
given detail attention. 

IL Relative abundance of the four 
types of nematocysts found in the polyp 
and body-part where nematocysts are 
formed or discharged. ' 

The relative abundance of the four 
types of nematocysts found in various 
portions of the polyp was represented 
by the percentage of the total number 
of nematocysts, as shown in Table III. ' 
The number of the nematocysts of the 
four types in the- column increases in 
the order; small glutinant, volvent, 
large glutinant and penetrant. The 
small glut inants are extremely few, 
amounting to only about 1/100 of the 
total number and they are mostly imma- 
liire. The penetrants are somewhat 
more abundant in number than the 
laige glutinants, showing about more 
than 2/5 of the total number, and the 



Table III. Means of relative abundance (represented by percentage of number) 
of the four types of nematocysts in column, tentacles and whole body. 



95 '*fidticial ranj?e of mean (%) 


Penetrant j 

Large glutinant | 

Small glutinant 

1 Volvent 

Column 

39 . 79 - 49.39 

53.25-42.25 

1 

i 

13.55— 19i!5 

Tentacles 

9.69- 13.7.S 

4.17- 6.25 

\ .3.72- 6.82 

76.90- 80.72 

1 

Whole body 

14.90—17.68 

1 

8.92- -13.08 

1 


66,06- 71.30 


volvents which are mostly Immature 
amount to about half the number of the 
large glutinants. 

The number of the nematocysts in the 
tentacles decreases in the order: voi- 
vent/ penetrant, and two types of 
glutinants. The volvents amount to as 
much as about 4/5 of the total number, 
thus differing from the case in the 
column. , The penetrants are about 1/10 
of the total number, and the each of the 
glutinants of the two types amount to 
only about V 2 of that of the penetrant.' 

In the whole body, the volvents are 
found to exceed 3/5 of the total number, 
While the small glutinants amount to 
about 1/20 of the same. Although the 
number of penetrants is relatively 
greater than that of the large glutinants. 
they are less than 1/5 of the total 
number. 

Therefore, the approximate ratios in 
number of the four types of mature 
nematocysts in the two body-parts and 
whole body are: .penetrant: large 
glutinant: small glutinant: volvent-r- 
1: 1: 0: 0, in the column; 2: 1: 1: 16, In 
the tentacles, 3: 2: 1: 12, in the whole 
body. And the number of penetrant 
appears to be equal to the sum of those 
of the large and small glutinants, in the 
tentacles and column. Thus, if the 
number of penetrant is given by 1, the 
above ratios become: penetrant: glu- 


tinant: volventr-^1: 1: 0, in the column; 
1: 1: 8, in the tentacles; 1: 1: 4, in the 
whole body. 

In the tentacles, the four types of 
mature nematocysts are densely ar- 
ranged forming many clusters. On the 
other hand, in the column the germ 
regions wherein the nematocysts are 
formed are seen dispersing mostly over 
the body (zooid) and slightly over the 
stalk, and therein mainly the immature 
nematocysts are found in groups; and 
the mature penetrants and large 
glutinants lie scattered in the whole 
column. There is no germ. region in the 
tentacles, and thus the immature 
nematocysts are not found. The small 
glutinants and volvents found in the 
column are mostly in an immature state; 
all of them may be transported to the 
tentacles to be discharged. The pene- 
trants and large glutinants are also 
formed In the germ regions of the 
column, and some of them may be 
similarly transported to the tentacles, 
but the others remain in the column 
and are dLscharged there. 

The biometiy concerning the volvent 
is given below in the relation to the 
forming and discharging. The means 
and coefficients of variation of length 
and width, and the means of L/W, were 
compared between the tentacles and 
column (Table IV). The above-men-' 




tinned values of the volvent in the difference is recognized between the 
column were significantly different tentacles and column. The mature 
from those m the tentacles. Thus the volvents are found most numerously in 
size ol the volvent in the column was the tentacles, being about four times 
smaller tium in tht‘ tentacles, but the ihe sum of the three other types, but 
coefficients of variation was rather are almost absent in the column. The 
larger in the latter than in the former, penetrants and the glutinants of the two 
Namely, the variability in the length types show nearly the same number in 
and width of the volvent is larger in the both the tentacles and column. These 
tentacles than in the column, therefore facts are considered to be closely con- 
the volvent may be enlarged in size not nected with the function of the nema- 
only in the column, but also in the tocyshs and also with the forming and 
tentacles. However, Us form seems to discharging of them. The four types of 
be narrower in the tentacles than in the nematocysts arc formed in the germ 
column. regions found in the column, and all 

In short, the relative numbers of the types of them are discharged in the 
four types of nematocysts in the column, tentacles, while the penetrant and large 
tentacles and whole body seem to be glutinant also discharge in the column, 
rather constant, and thus a remarkable 

SUMMARY 

1. The morphological comparison be- and the variability of size and form of 
tween the nematocysts in the tentacles the penetrant are narrower and larger 
and column of Pelmatohydra robusta in the column than in the tentacles, but 
Ito was made statistically. The relative those of the large glutinant show no 
abundance of the nematocysts of the such differences between the body- 
four types in the column, tentacles and parts. 

whole body, and the body-part where 3. The approximate ratios between 
the nematocysts are formed or dl.s- the numbers of mature ncmatccysts of 
charged, were investigated. the four types are: penetrant; large 

2. The size of the penetrant and gJutinant: small glutinant: volvent 1: 
large glutinant are larger in the ten- i; O: 0, in the coJumn; 2: 1: 1: 16, in 
tacles than in the column. The form the tentacles; 3: 2: 1: 12, in the whole 
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body. 

4. The four types of nematocysts arc 
formed in the germ regions found in 
the column, and all types of them are 


discharged in the tentacles, while the 
penetrant and large glutinant are also 
discharged in the column. 
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Up to the present time the Entoprocta 
of Japan has not been fully studied. In 
1945, the writer has reported 4 species 
of Bryozoa found in the brackish-water 
region of Matsushima Bay, viz. Vic- 
torella pavida Kent, Bowerbankia cau- 
data Hincks, Electra crustulenta Pallas 
and Barentsia benedeni (Foettinger). 

At that time he has also alluded to the 
forms of Entoprocta of the same bay 
saying that they are represented by 
Severn species at least. 

During the progress of the study of 
these animals, the writer has noticed 
that the species of Entoprocta obtained 
in Matsushima Bay should be compared 
with those came from the Pacific coast, 
by the reason that there may be seen 
some morphological variations among 
the forms found in the bay. 

The writer, therefore, tried to collect 
the forms of this group of animals from 
the Pacific coast of Miyagi Prefecture, 
and was able to obtain following five 
species. 

1. Loxosoma shizugawaense, n. sp. 

2. Pedlcellina cernua (Pallas) 

3. Barentsia discreta (Busk) 

4. Barentsia laxa Kirkpatrick 

5. Barentsia hbzajwai, il. sp. 

Of these forms, Barentsia hOzawai, n. 
sp. was cx)llected by the late Prof. H6- 
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zawa from Izushima in Onagawa Bay, 
and v/as kindly forwarded to the writer 
for identification. The remaining 
forms were taken by the writer. 

The present report deals with those 
specimens obtained from the Pacific 
coast of Miyagi Prefecture during 1941- 
1945. 

Before proceeding further, the writer 
would like to express his hearty thanks 
to the late Prof. Sanji Hbzawa who has 
kindly helped the writer in many ways 
during the course of the present study. 
Acknowledgements are also due to Prof. 
Mutsuo Kat6 for his helpful advice and^ 
criticisms. 

Description of Forms 

Order Pedicellineae 
Family Loxosomatidae 
1. Loxosoma shizugawaense n. sp. 

(Text-fig. 1) 

Size relatively large. Entire animal is 
about 1.5 mm. in length and is 1 mm. 
in breadth. Calyx rather broad being 
somewhat in the shape of an inverted 
triangle. It is flattened dorso-ventrally 
perhaps from the reason that it was 
fixed in formalin without using narco- 
tics. 

Tentacles are usually 18 in number 
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Tcxt'fiR. 1. LoXosoma shizuRawaciist- n. vsp. 
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but sometimes are 19-20. Owing to the 
contracted condition of specimens, the 
details of the iophophore can not be 
stated definitely. 

Stalk cylindrical, from one-half to 
^two-thirds as long as the calyx (but 
rarely equally long) in the contracted 
state. It is wrinkled transversely on the 
surface. Straight muscles are present 
attached to the inner surface of dorsal 
wall of the stalk and the oblique mus- 
cles are found attached to the inner 
surface of ventral wall of the same. 

Buds are produced as many as five 
at a time, (two or three of the same 
being found on each side). In most 
cases they are formed alternately on 
each side of the body, younger bud 
usually occurring at the base of nearly 
matured one. Stomach is provided with 
well-developed lateral lobes. Foot- 
gland present in the buds, but not in 
the adult. 


The living specimens and living larvae 
have not yet been observed. The pre- 
sent specimens which were taken from 
Shizugawa Bay were found attached to 
the basal part of some grov,Ti-aigae 
(Laminaria) grown in shallow water of 
about 1 meter deep. Previous knowl- 
edge of occurrence of any Loxosoma 
species in Japan is unknown. This 
group seems to be rather uncommon in 
the Pacific coast of Japan. 

F^amily Pedicellinidae 
2. Pediccllina cernua (Pallas) 
(Text-fig. 2) 

Synonyms 

IJ^c'achionuvS cernuus Pallas 1771. ^ 

Pediccllina cchinata Hassell 1841; 
Goodsir 1845; Nitsche 1870. 

P. hirsta Water 1018. 

P. cernua Kirkpatrick 1888; Jullien et 
Calvet 1903; Osburn 1910. 

Stolon slender. Calyx usually gibbous. 
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2 . 

Pedicc'lllna cornua (Pallas) ><25 


Tentacles abont 15. Stalk stout, taper- 
ing gradually towards the upper end, 
A number of stout spines present on 
both of stalk and calyx. The specimens 
wer^ secured together with that of Ba- 
rentsia discreta growing on the test ol 
a solitary Ascidian. 

3. Barentsia discreta (Busk) 
(Text-fig. 3) 

Synonyms 

Ascopodarla discreta Busk 1886 

Barentsia discreta Kirkpatrick 1890; 
Waters 1905; O.sburn 1910; Annan- 
dale 1912; Harmer 1915; Okada & 
Mawatari 1938. 

Ascopodaria misakiensls Oka 1890. 

Barentsia misakiensls Oka 1895. 

Size large, reaching a total length of 
4.5 mm. or more. Tentacles about 20. 
Stalk becoming slightly wider towards 
the upper end, and is covered with a 
thick cuticle. The inner layer of the 
stalk Is penetrated by numerous minute 
funnel-shaped pores, Basal muscular 


portJi'ori of the stalk is white in colour. 
Stalk and stolon are light brovm in 
colour. The cuticle of the stalk varies 
in colour and in thickness with the age 
of the specimens and )^ith the localities 
where the specimens were taken. The 
present species has the most wide dis- 
tribution among the members of this 
group. With the naked eye the present 
species can be easily distinguished from 
other members of Barentsia firstly, by 



Tixi-fiR. 3. 

hareiitvia di.scrcUi (Busk) x l‘J 

the large size especially by the large 
basal muscular portion, looking always 
white in colour, and secondly, by the 
stalk which is long and narrow and of 
light brownish colour. 
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4. Barentsla laxa Kirkpatrick 
(Text-fig. 4) 

Synonyms 

Barentsla laxa Kirkpatrick 1890, 
Harmer 1915, 

The stalk is narrow in basal part be- 
coming broader towards the tip. The 
cuticle of the stalk becomes thinner to- 
wards the tip, is minutely annulated, 
and very flexible. The contractility is 
not confined to the basal muscular por- 



Ti xt-fig. 4. 

Batenisia Inxa Kirkpatrick x2.‘r 

Ydung polypidc. Tlie colediy, the 
material of llie prrttnl leporl, it. con- 
sisted of these young polypidej-. 

tion of the stalk, but is also present in 
the greater part of the length of the 
stalk. This species was found abund- 
antly in Matsushima Bay in September 
and October growing on algae, oyster 
shell and on the test of solitary Ascldi- 
an. In another region of the Pacific 
coast of Miyagi Prefecture the writer 
obtained only one specimen forming a 
very small and young. It was secured 
from Shizugawa Bay. 

5. Barentsla hozawai n. .sp. 

(Text-figs. 5, 6) 

Size, large, attaining a total length of 
nearly 4 mm. Polypides arise from a 


Jointed, creeping stolon. The expanded 
muscular portion at the base of the stalk 
is markely annulated. Stalk cylindrical, 
and the lower half is chltlnous while the 
upper half Is membranous. Chltlnous 
portion of the stalk, light yellowish- 
brown in colour. Is extremely slender be- 
low but expands considerably towards 
the tip, and is provided with many pores 
funnel-like in shape. 



Texl-fig. 5. Barentsia hoxawai’ n. ap. x25 



Text-fig. 6. Barenlrtia liozawni x25 
young polypides and buds 
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They are seen to penetrate the inner 
layer of the stalk but not the outer, as 
is the case in B. discreta. The mem- 
branous portion of the stalk tapers 
gradually towards its upper end. The 
upper part is smooth but the lower part 
is minutely wrinkled. This membra- 
nous part of the stalk seems to be very 
flexible. Calyx large and slightly gib- 
bous. Tentacles are 25-26 or more in 


number. Resting buds are unknown. 

The characteristics of the stalk are 
markedly different from those seen in 
the previous species. 

Professor Hozawa collected this speci- 
mens from Izushima in Onagawa Bay. 
He has found the same growing on the 
test of a solitary Ascidian located in 
shallow water. 
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Extensive areas of Japan are occu- 
pied by pine forests which are composed 
of two-leaved pines, namely Pinus 
densiflora (Japanese red pine, ‘Aka- 
rnalsu”) and P. Thunbergii (Japanese 
black pine, “Kuromatsu’'). The distri- 
bution of these pines is so wide that 
(hey can be found everywhere in our 
country, therefore various communities 
of pine trees can be distinguished ac- 
cording to their habitat conditions. The 


development of natural, semi-natural, 
or cultivated pine forests is also to be 
seen here and there. 

‘ Few studies about the facts mentioned 
above, however, have been done so far. 
Ac<*ordftigly the author has carried out 
sociological studies of the pine forests, 
especially as to their structure and 
development while travelling over ex- 
tensive areas in our country. 


Distribution and Ecological Character of Pinus Densiflora 


P. densiflora is distributed over an 
exceedingly wide area ranging from the 
southern part of Hokkaido (42"40'N.) 
where it is very doubtfully indigenous, 
through Honshu, Shikoku and Kyushu, 
to Yakushima Island (30 20'N.) in 
Kagoshima Prefecture, That is, it 
flourishes both in the zone of deeiduous 
summer forests and in that of ever- 
green forests. It also grows everyw^here 
in Korea and extends into eastern Man- 
churia (44"20'-45‘’20'N.) to the north 
and into Shantung Peninsula (36''N.) to 
the west. The altitudinal distribution 
Is aLso very extensive, ranging from the 
coastal land to the mountain region. 
The upper limit of its distribution in 


Honshti is In the altitude of 500-1000 m. 
in the northeast and 1000-1600 m. in 
the southwest. That is, it can be found 
ns far as the mountain region where 
Japanese beech, Fagus crenata, estab- 
lishes itself as the climatic climax com- 
munity. It may be easily understood 
from the facts mentioned above that P. 
densiflora is one of the most widespread 
trees in Japan. 

Near the northern limit of the Asiatic 
continent, Botankb in southeastern 
Manchuria, the mean annual tempera- 
ture is 2.6 'C., the mean monthly tem- 
perature of January is — 2UC., and that 
of July is 22.2 "'C. There are five months 
in which the mean monthly temperature 


1) Contributions from the Ml. Jlnkktida Botanical Laborolory. No, 32, 
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rises above lO'^C, At Kagoshima in the 
KyOshti district, close by the southern 
limit, the mean temperatures are 16.6 "C. 
(annual), (January), 26.9"C. 

(August), and nine months respectively. 
P. densiflora is not found on the Izu 
Islands where the mean monthly tem- 
perature of each month is always higher 
than lO^'C. These facts show us that it 
is able to grow in a wide range of tem- 
perature. 

P. densiflora occupies an extensive 
area in the drier parts of the country 
where the annual rainfall ranges from 
1000 to 1500 mm., whereas it is limited 
in the moister areas with a precipitatiop 
of 1500-3000 mm. It grows even in the 
dry continental district of Nort^ China 
where the annual rainfall is about 600 
mm., though it is not found in the driest 
districts. On the contrary it is rarely 
found in regions with a precipitation of 


more than 3000 mm. 

P. densiflora can grow on various 
kinds of soil, viz. clay, loam and sand, 
and is found even on peat bogs and 
solfataras. Such Indifference to the 
type of soil, as mentioned above, is due 
to its particular character requiring 
little mineral nutriment and soil mois- 
ture, and enduring higher soil acidity. 
Although it is able to grow on any soil, 
its best growth is attained on light 
rather than on heavy soil. These facts 
show us that the growth of P. densiflora 
i.s influenced more by the physical pro- 
perties of the soil than by the chemical 
properties. The growth of pine forest on 
such impoverished stands as ridges, 
rocky out-crops, volcanic ejecta and 
alluvial sands, where other trees do not 
grow successfully, i.s due to its non- 
exacting characters. 


Distribution and Ecological Characters of Pinus Thunbergii 


P, Thunbergii is distributed through- 
out more restricted areas than the 
• fotmer species. Its northern limit in 
Japan is at the extremity of Shimokita 
Peninsula (4r'30'N.) in the northern 
part of Honshd, and on the continent 
as far as the middle of the western 
coast of Korea (37'’50'N.). It is found 
m the districts of Honshu, Shikoku and 
KyftshCi, growing more abundantly In 
^the southern part, while less abundantly 
in the northern part. The southern 
limit is on Akusekishima Island which 
is situated near to Yakushlma Island, 
the southern limit of P. densiflora. It 
grows luxuriantly on the Izu Islands, as 
far as Hachijojima Island (33°N.), 

As to the altitudinal distribution, it is 
restricted to the coastal lands in the 
Cooler regions, namely T6hoku, Kant6 


and a part of ChCibu, though it extends 
to the mountain region about 800 m. 
above sea level in the warmer regions, 
namely Shikoku and KyOshO. It can be 
seen accordingly that the most suitable 
area of growth of P. Thunbergii is in the 
warm temperate zone and extends there- 
from into the cold temperate zone in a 
narrow belt along the coast. 

At Aomori, near the northern limit of 
P. Thunbergii in Japan, the mean an- 
nual temperature is 9.2 X., the mean 
monthly temperature of January Is 
-2.8''C., that of August is 22. QX, an’cl 
there are six months in which the mean 
monthly temperature rises over 10 °C, 
At Jinsen, near the northern limit of 
P. Thunbergii in Korea, the mean tem- 
peratures are 10.7"C., -3.1"C., 24.9°C, 
and six months respectively. The tem- 
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peratures at the southern limit of P. 
Thunbergii are presumed to be the same 
as those of P. densiflora because the 
southern limits of the two species are 
near to each other. It grows luxuriantly 
on the Izu Islands, where the mean 
monthly temperature of any month does 
not fall lower than 10"C. P. Thunbergii 
prefers a habitat with a greater amount 
of rainfall and higher air humidity to 
one witli a smaller amount of rainfall 
and lower humidity. It is easy to under- 
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stand from the above-mentioned facts 
that P. Thunbergii, unlike P. densiflora, 
is a tree inhabiting districts affected by 
oceanic climate. 

This pine, like P, densiflora, can take 
growth on various types of soil. Its best 
growth, however, is attained in the 
lighter soils with richer mineral nutri- 
ment and higher exchangeable calcium. 
That is, it more exacting than the 
other species. 


Sociaiion Types and Associations of Our Pine Forests 


The author studied the structures, 
developments and habitat conditions of 
our pine forests over an extensive area 
ranging from Aomori Pref., the northern 
end of Honshu, to Kagoshima Pref., the 
southern end of Japan. Numerous 
sociations are distinguished mainly by 
differences in the floristic compositions 
and they are, then, classified into socia- 
tion types according to their structures, 
physiognomies and habitat conditions. 


Several sociation types with similar 
Structures and physiognomies are in- 
cluded in a larger unit, viz. association. 
Accordingly sociation type is a unit of a 
plant community between sociation and 
association, expressing ecological signi- 
ficance as well as structure. 

In our pine forests, sociation types 
(S.T.) and associations are differentiat- 
ed as follows: 


A. Pinus densiflora — Quereus serrata Association 


1. Pinus densiflora “Quereus serraia- 
Rhododendron Kaempferi S.T. The 

characteristic feature of this S.T: is the 
abundance of Rhododendron Kaempferi 
in the field layer, In undisturbed forests 
such deciduous trees as Quereus serrata, 
Q. crispuia, Castanea crenata and 
Prunus serrulata var. spontanea are 
found with the pine. It occurs usually 
on loam and clay, but rarely on sand. 
The growth of the pine is usually well 
and it is sometimes excellent. The 
forests of this S.T. occupy extensive 
areas in the T6hoku district and also in 
the inner parts of both of the Kani6 
and the Chfibu districts where the de- 


ciduous summer forests establish them- 
selves as the climatic climax. 

Z, Pinus densiflora-Quercus serrata- 
Pleioblastus chino S.T. This S.T. has in 
the shrub layer a dense cover of Plei“ 
oblastus chino, Arundinaria ramosa and 
other similar dwarf bamboos of the same 
genera. Abundant growth of accom- 
panying deciduous trees is found In the 
undisturbed forests as in the former S.T. 
It become.s established on the deep, 
sandy and clay loams cf alluvial dr 
diluvial origin. The growth^of the pine 
is well. It is distributed chiefly on the 
Pacific side from the middle of Iwate 
Pref. southwards, through Miyagi and 
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Fukushima Prefs., to Tochigi and Iba- 
rliki Prefs, This S.T. is found frequently 
in the deciduous forest zone and occa- 
sionally in the northern pait of the 
evergreen forest zone. 

3. Pinus deiisiflora-Quercus crispuhi- 
Sasamorpha spp. S.T. Quercus crispula, 
instead of Q. scrrata, associates with 
the pine and such evergreen shrubs as 
Pieris Japonica and Bobua myrtacca 
which are abundant in the shrub layer. 
The characteristic feature oi this S.T. 
is that Sasamorpha spp. occupies the 
field layer. It is found occasionally in 
the mountain region of central and 
southern Japan. 

4. Pinus densiflora-Quercus serraia- 
Rhus ambigua S.T. Quercus serrata, 
Prunus serrulata var. spdntanea and 
sometimes Cornus controversa a.ssociatc 
with the pine in the tree layer, and 
Palura japonica, Ilex crenata and 
Stephanandra incisa are abundant in 
the shrub layer. It is characterfistic 
that Rhus ambigua dominate.s over the 
field layer. It occurs on deep, light soils 
such as volcanic ejecta and granitic soil. 
The pine trees of this type generally 
show so excellent growth that it Ls not 
too much to say that the greater part 
of the representative pine forests of P. 
densiflora in the cold temperate zone 
belong to this type. It i.s distributed 
widely in the Tohoku district and some- 
times in the mountain region of the 
Chfibu and the Chfigoku districts. 

5. Pinus densiflora-Pinus pentaphy- 
lla S.T. A five-leaved pine, Pinus 
pentaphylla, commonly associates with 
P. densiflora, Ericaceous small shrubs, 
such as Menziesia ciliicaryx var, 
multiflora, Tlugeria Japonica and Botr- 
yostege bracteata are abundant in the 
field layer. Herbaceous plants, however, 
are scarce. The pine forests of this S.T. 


exist as the edaphic climax community 
on the ridges at the lower part of moun- 
tains w^here the forests of Fagus crenata 
occupy extensive areas as the climatic 
climax. This S.T. is so rare that only 
two examples were found hitherto in the 
Tohoku district. 

Pimis dcnsiflora-Quercus serrata- 
Eurya japonica var. montana-Rhodo- 
dcndroii Kaempferi S.T. Deciduous 
tref's are loiind accompanying the pine 
as in the forests mentioned above, and 
eveigreen shrubs such as Eurya japonica 
var. montana, Camellia japonica var. 
yponlanea and Pieris japonica are fre- 
quent. Rhododendron Kaempferi is 
dominant in the field layer, accompani- 
ed by evergreen Bladhia japonica and 
Skimia japonica. It is found on the 
loamy and clay .soils, showing i airly 
good grow'th in the former and inferior 
growth in the latter. It is distributed 
in the transitional zone between the cold 
and tlie warm temperaie climates of the 
Tohoku district, namely in the coastal 
lands of Miyagi and Fukushima Prefs'. 

7. Pinus densiflora-Cryptomeria ja- 
ponica S.T. Cryptomeria japonica is 
iound commonly associating with the 
pine. In the field layer Sasa spp. is 
usually abundant, and Rhododendron 
Plaempferi and Hugeria japonica are 
trequent. Shizoc.odon uniflora occurs 
irequently in the field layer of this S.T. 
It is found on the deep, moi.st soils on 
the Japan Sea side from Akita to Shiga 
or Kyoto Pref. where snow falls heavily. 
The growth of pine trees in this S.T. is 
fairly good. 

8. Pfnus densiflora-Quercus serrata- 
Sasa spp. S.T. As accompanying trees, 
Quercus, Castanea ^ and Prunus are 
abundant, and sometimes Betula platy- 
phylla var. japonica is found. That the 
field layer is densely occupied by Sasa 
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spp. is the most noticeable feature of 
this S.T. It is distinguished from the 
former S.T. by the absence of Crypto- 
rneria, though the two S.T. are similar 
in respect to their structures. It 
develops on the various soils in the 
mountain region of the Tdhoku district. 

9. Piiius deiisiflora-Quercus serrata- 
UiJi'cria .laponiea S.T. Q. serrata is 
abundant i)i company with the pine. 
The shrub layer Ls poor. 11 Ay. charac- 
tfU'i.^tic that the small ericaceous shrubs 
dominated by Hugeria, japonica are 
tound in the field layer. This S.T. oc- 
curs on alluvial .sands or mountain 
ncige.s where the soils aj'o dry and poor. 
The growth of the pine is usually well, 
tlunigli it is inferior on the heavy clays. 
Tills S.T, becomes established fn^quently 
in the cold temperate zone, especially 
on the Japan Sea side. 

10. Pinus densiflora- Juniperus rigida- 
Uhododendron Kaempferi S.T. No de- 
ciduous trees associating with the pine 
arc found in the tree layer or subordi- 
nate tree layer, and it is ('haracteristic 
that Juniperus rigida is abundant in the 
shrub and field layers. Small ericaceous 
shrubs. Rhododendron Kaornpferi and 
Hugeria japonica, are also abundant. 
Herbs, on the con ti ary, are very rare. 
These forests arc found on the shallow, 
poor, dry .soils on ridges and other de- 
nuded places, and the growth of the 
pine is generally inferior. II is dis- 
tributed in the drier parts of the cold 
temperate zone, viz. Miyagi, Fukushima, 
Yamanashi and Nagano Prefs. 

11. Pinus densiflora-Pinus Thunber- 
gii-Quercus serrata S.T. P. Thunbergii 
is found associating in abundance with 
P. densiflora, and deciduous trees such 
as Q.crispula, Q. serrata and Q. dentata 
are found in the subordinate tree layer. 
Rhododendron Kaempferi and Sasa spp. 


are frequent the field layer. It occurs 
on loamy and clay soils along the coast 
of Aomori and Akita Prefs. on the Japan 
Sea side. 

IZ. Pinus densiflora-Fraxinus Sie- 
boldiaaa var. serrata S.T. No deciduous, 
trees cxcu'pt Fraxinus are found in the 
tree laver. Such light requiring piapts 
as L(‘specieza Buergeri and Mlscanthus 
sinensi.s are abundant in the field layer. 
It is .seen on tiie shallow, poor, dry soils 
ol ridges and other denuded places in 
the northern part of the Tohoku district, 
chiefly in Iwate and Aomori Prefs. The 
growth ol the pine is worse. 

13. Pinus dcn.siflora-Alniis pendulata 
S.T. The (iraracteristic feature of this 
s T. is that Alnus pendulata, an intoler- 
ant pioneer tree, is prevalent in the 
shrub layer. Quercus and Caslanea are 
never loimd in company with the pine. 
Tile lorosts of this type arc primary 
(’()mmuniti(‘s developing on the volcanic 
('jocta. The giowth of the pine is fairly 
good on pumices, lapilii, ashes and mud 
flow.^. but extremely poor on lava flows, 
"j^he author found the torests of this 
S.T. on Mt. Bantai in FuKushima Pref. 
and on Ml. Asama, in Nagano Pref. 

14. Pinus densiflora-Dcutzia crenata 
S.T. No deciduous trees are found in 
the tree layer in company watii this pine, 
but numerous shrubs such as Deutzia 
Crenata, Stephanandra incisa and 
Primus incisa, etc., arc luxuriant. This 
ST. is found on the volcanic ejecta at 
the northern foot of Mt. Fuji, Yama- 
nashi Pref. “Suwanomori", a pine forest 
famous for its excellent growth estab- 
lished itself on the mud flow. It deve- 
lops also on the lava flows. 

15. Pinus densiflora-Coriaria japo- 
nica S.T. This^ S.T. is devoid of any 
associating tree and shrub and shows 
a very simple structure. The field 
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layer Is also simple ^ in structure, 
though Corlaria japot:iica, a typical 
non-exacting species, occurs in abund- 
ance. It is found on the infertile sands 
in both the coastal and the inland 
- stands. The growth of the pine is well 
or slightly inferior. This S.T. is dis- 
tributed here and there in the Tohoku 
district, 

16. Pinus densiflora*Salix spp. S.T. 

Willows such as Salix Gilgiana and 
Toisus Urbaniana are abundant as the 
subordinate trees, and Miscanthus 
sinensis, Pleioblastus chino and Arundi- 
naria ramosa are frequently found in 
the field layer. It comes out as a primary 
forest on the dry, coarse, sandy deposits 
along rivers. It is distributed chiefly 
in the T6hoku district and also in the 
inland districts of central Honshh. 

17. Pinus densiflora-Sphagnum spp. 
S.T. This is an open community of 
stunted pines accompanied by marsh 
plants such as Alnus japonica var. 
arguta and Phragmitis longlvalvis. The 
characteristic plant is Sphagnum spp. 
which covers the ground densely. It 
occurs on the bogs here and there in 
our country. The growth of the pine is 
so poor that it grows to a height of only 
2 meters. 

18. Pinus densiflora-Miscanthus sin- 
ensis Zoysia japonica S.T. The structure 
of this S.T. is simple, having few as- 
sociated trees and shrubs. The field 


layer is occupied by such graminouS 
plant as Miscanthus sinensis or Zoysia 
japonica, which is the characteristic 
feature of this S.T. The forests of this 
type are communities developing either 
on places denuded by grazing, or on 
exposed, bare lands. It is found every- 
where in the temperate zone of our 
country, though on a small scale. 

Pinus densIflora-Quercus serrata As- 
sociation. All the S.T. mentioned above 
are found chiefly in the cold temperate 
zone, while a part of them are also found 
In the mountain region of the warm 
temperate zone. The principal accom- 
panying trees are deciduous ones, in- 
digenous to the cold temperate zone, 
such as Quercus serrata, Q. crispula, 
Castanea crenata and Prunus scrrulata 
var. spont^anea. Of these Q. serrata is 
the commonest and may be recognized 
as a characteristic species of the zone. 
The field layer Is composed of such small 
ericaceous ^shrubs Rhododendron 

Kaempferi and Hugeria japonica and 
such dwarf bamboos as Pleioblastus 
Chino and Sasa spp. The pine forests 
of this zone, if they are left undisturbed, 
tend to become transformed into deci- 
duous forests composed of the above- 
mentioned trees. All these sociatlon 
types, accordingly, may be included in 
the Pinus densiflora-Quercus serrata 
Association. 


B. Pinus Thunbergii-Quercus crispula Association 


Pinus Thunbergil-Quercus crispula 

S.T. In the subordinate tree layer of 
this S.T. there is an abundance of deci- 
duous trees such as Q. crispula, Q. 
serrata, Q. dentata and Tilia japonica. 
Shrubs are rare. Grasses such as Mis- 
canthus sinensis and Festuca rubra are 


abundant in the field layer. The forests 
of this S.T. exist exclusively on the sand 
dunes along the coast of the Japan Sea 
in Yamagata and Akita Prefs. The 
growth of P. Thunbergli Is quite well. 

Pinus Thunbergii-Quercus crispula 
Association. The characteristic feature 
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of Pinus Thunbecgii-Quercus crlspula anywhere, the Pinus Thunbergll- 
S.T. Is an abundant growth of oaks, es- QuercUvS crlspula Association may be 
pecially Q. crispula. Although no other distinguished by its remarkable feature, 
S.T. similar to this one are to be found 

C. Pinus Thunbergii-Machilus Thunbergil Association 


1. Pinus Thunberfirii-Machilus Thun- 
bergii-Rapanaea neriifolia S.T. Machi- 
lus Thunbergii and other evergreen 
trees, CyclobalanopsLs glauca and Oin- 
namomum Camphorea, are found in 
abundance associating with P. Thun- 
bergii. The shrub layer is dominated 
by such evergreen shrubs as Rapanaea 
neriifolia, Euiya emerginata, Pittospo- 
rum Tobira, Vaccinium bracteatum, etc., 
of v/hich the first two species are rest- 
ricted to the area of this S.T. It 
occurs on the coastal dunes of the 
southwest, the warmest, most rainy dis- 
trict in Japan, as the most stabilized 
coastal forests of P. Thunbergii. 

2. Pinus Thunbergii-Maohilus Thun- 
bergii-Pittosporum Tobira S.T. Machi- 
lus Thunbergii, Shiia spp. and Cinna- 
momum japonicum are found in abund- 
ance ajSvSOCiatlng with P. Thunbergii. 
With the exception of Pittosporum, 
Eurya japonica var. montana, Ligustrum 
japonicum and Camellia japonica var. 
spontanea are abundant in the .shrub 
layer, while Rapanaea neriifolia and 
Eurya emerginata are not seen. It be- 
comes established extensively on the 
coastal land of the warm temperate zone. 

3. Pinus Thunbergii-Quercus phylli- 
racoides S.T. This is an open communi- 
ty composed of stunted P. Thunbergii. 
It is characteristic that evergreen Quer- 
cus phylllraeoldes is abundant in the 
shrub or subordinate ti’ee layer. Rapa- 
naea and Eurya are also found occa- 
sionally. It occurs chiefly on the shal- 
low, dry soil of coastal cliffs in the dis- 


tricts of the southwest. It may be re- 
garded as the odaphic climax com- 
munity. 

4. Pinus Thunbergii-Neolitsea Sie- 
boldii S.T. Abies firma and Prunus 
.serrulata var. spontanea are abundant 
In the tree layer, and such evergreens 
as Neolitsea Sieboldii, Machilus Thun- 
bergii, Daphniphyllum macropodum, 
etc. constitute the subordinate tree 
layer. Eurya Japonica var. montana 
and Camellia japonica var. spontanea 
are abundant in the shrub layer, while 
Pittosporum Tobira is rare. It is found 
on the coastal area of the northern half 
of Fukushima Pref. 

5. Pinus Thunbergii-Machilu.s Thun- 
bergli-Quercus serrata-Eurya japonica 
var. spontanea S.T. Such deciduous 
trees as Quercus serrata, Q. crispula 
and Zelkowa serrata, as well as Machl- 
lu.s, are abundant. Evergreen shrubs, 
however, as Eurya, Camellia, Pittospo- 
rum, etc. are exceedingly abundant in 
the shrub layer. It is distributed on the 
coa.stal area of the transitional regions 
between the warm temperate and the 
cold temperate zones, viz. Miyagi Pref., 
the southern part of Iwate Pref, and 
Note Peninsula in Ishikawa Pref. 

6. Pinus Thunbergii-Machilus Thun- 
beirgii-Acer mono var. eupictum -Camel- 
lia japonica var. spontanea S.T. Deci- 
duous trees, Acer mono var. eupictum 
and Zelkowa serrata, are found in abund- 
ance associating with P. Thunbergii, 
while Machilus Thunbergii is occasional* 
Camellia japonica var. spontanea ajatJ 
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Pseudosasa japonica are abundant in 
the shrub layer, though Eurya and Pit- 
tosporuni are rare. It occurs in the 
coastal land on the Japan Sea side in 
Yamagata and Akita Prefs. 

Pinus Thunbergii-Machilus Thunber- 
gii Association. The greater part of the 
stabilized, coastal pine forests of P. 
Thunbergii belongs to any of the above- 
mentioned seven sociation types. Al- 
though they differ from each other 
considerably in structure, their com- 
ponents express a common oceanic 
character. The constant occurrence of 
Machilus Thunbergii associating with P, 
Thunbergii through these sociation 
types is the most characteristic feature 
They may, accordingly, be united into 
the Pinus Thunbergii-Machilus Thun- 
bergii Association. This association is 
found in the coastal lands of KyQshU, 
Shikoku and the greater part of Honshu 
except the northern halt of the Tdhoku 
district. That is. this association is the 
representative of the eo^istal lorest of 
P. Thunbergii occupying extensive, areas 
on the coast in Japan 

Coastal Pinus thunbergii Alliance. 
As all the stable communities of the 
Japanese coastal pine forests belong to 
any of the above-mentioned two asso- 
ciations of P. Thunbergii, viz. the Pinus 
Thunbergil-Quercus ciispuia Associa- 
tion and the Pinus Thunbergii-Machilus 
Thunbergii Association, we may call 
them together the Coastal Pinus Thun- 
bergii Alliance. But it must be noted 
here that there are other sociation types 
which were not included in the Alliance 
because the forests of these sociation 
types were either young and developing 
into any of the association types or de - 
tcrioratijig from them. These unstable 


communities are as follows: 

1. Pinus Thunbergii-Imperata cylin- 
clrica var. Kocnigii S.T. The structure 
of this pine forest is very simple. Nei- 
ther trees nor shrubs are found asso- 
ciating with P. Thunbergii, while Em- 
perata cylindrica var. Koenigii and 
other graminous plants grow in the field 
layer. It is the pine foiest that develops 
in front of sand beach and dune, and 
its distribution ranges from the northern 
part of the Tohoku district to the south- 
ern part of the Kyfishd district. 

2 . Pinus Thiinbergii-luuiperus con- 
ferta S.T. This S.T. is also of simple 
structure, like the former, and is occu- 
pied by a cieeping juniper, Juniperus 
conferta, in the field layer. Its ecologi- 
cal character and distribution arc simi- 
lar to those ol the former S.T. Forests 
of P. densiflora ol almost the same 
structure as this S.T. are found on the 
sandy beaches of Niigata and Miyagi 
Profs. 

3. rinu.s Thunbergii-Vitex rotiindi- 
foliii S.T. The structure of the S.T. is 
also simple. Vitex rotimdifolia creeps 
over the field layer instead of Juniperus. 
It is found developing in front of the 
sea shore and is distributed from Aomori 
to Kagoshima Pref. 

4. Pinus ThiSnbergii-Ifypnum spp. 

S.T. The structure of this S.T. shows a 
simpler structure than any other men- 
tioned above. In the field layer a few 
graminous plants grow, while in the 
ground layer Hypnum spp. are fre- 
quently found, which is the characteris- 
tic feature of this S.T. It is a degraded 
S.T, owing to the influence of man upon 
the vegetation, and is found on the 
moist, stabilized dunes in the greater 
port of our coastal area, 
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B. Plnus densiflora-Cyclobalanopsis glauca Association 


1. PJnus densiflora-Cyelobalanopsis 
glauca-Bicranopteris dichotomata H.T. 

The typical forest of this S.T. has a 
subordinate tree layer composed of such 
evergreen broad-leaved trees as Cyclo- 
baJanopsls glauca, Shiia Sieboidii, Bobua 
japonica, etc. The shrub layer consists 
of various, evergreen shrubs, and the 
field layer is occupied by evergreen 
ferns such as Dicranopteris dij(photomata 
and D, glauca. Sometimes the associat- 
ing trees and shrubs are removed by 
frequent cutting, and only the field 
layer occupied by Dicranopteris is left. 
It flourishes extensively ou various soils 
thiough the warm- temperate zone, and 
may be regarded as the representative 
pine forest of this zone. 

2. Pinus densiflora-Cyclobalanopsis 
glauca-Eurya japonica var. montana S.T. 
As associating trees Cyclobalanop.sis 
glauca and Shiia Sieboidii are abundant 
and Quercus serrata grows frequently in 
the northern districts. Evergreen 
shrubs, Eurya japonica var. montana. 
Ilex pedunculosa, Vaccinium bractea- 
turn, Pieris japonica and Rhododendron 
reticulatum, occur in the shrub layer. 
The field layer is poor. It establishes 
itself on ridges and steep slopes in the 
northern part or in the mountain region 
of the warm temperate zone. Although 
the growth of pine is usually iroi quite 
well, a few excellent cases can be found 
at Odd, ill Kdchi Pref. and Tokikuni in 
Ishlkawa Pref. 

3. Pinus densiflora-Cyclobalanopsis 
glauca-Pleloblastus yoshidake S.T. Cy- 

clobalanopsis glauca and Ilex peduncu- 
lasa are found in abundance mixing 
with the pine in the tree layoi*. Pleio- 
blastus yoshidake occupies the field 
layer, which Is the characteristic feature 


of this S.T. It occurs on deep moist 
soils, showing excellent growth on light, 
sandy loam. It is found frequently on 
the plains and hills in the warm tem- 
perate zone, and it shifts gradually into 
P. demsiflora-Q. serrata-Pl. chino S.T. 
of the cold temperate zone. 

4. Pinus densIflora-Tsuga Sieboidii 

S.T. Tsuga Sieboidii and other conifers 
such as Abies firma and Chamaecyparis 
obtusa associate with the pine, though 
evergreen broad-leaved trees are rare. 
The shrub layer is densely occupied by 
evergreen shrubs, while the field layer 
is very poor. It is seen on ridges and 
steep slopes in the warm temperate zone. 
This type may be regarded as the 
edaphic climax community. 

5. Pinus densiflora-Eurya japonica 
var. montana-Hugeria japonica S.T. 
Although the physiognomy and struc- 
ture of this S.T. are similar to those of 
Pinus densiflora-Cyclobalanopsis glauca- 
Eurya japonica var. montana S.T., it is 
distinguished from the latter by the 
abundance of ericaceous shrubs as 
Hugerla japonica and Vaccinium hirtum 
in the field layer. It is found on the 
poor, acid soils of alluvial sands or of 
mountain ridges. Accordingly the growth 
of the pine is usually worse. It is dis- 
tributed exclusively in the neighbour- 
hood of Kyoto in central Japan. 

6. Pinus densiflora-Cyclobalanopsis 
acuta-Eurya japonica var. montana S.T* 
An evergreen oak, Cyclobalanopsis acuta, 
is abundant in the tree layer and such 
deciduous trees as Acer and Carpinus 
also occur. Camellia japonica var. spon- 
tanea is abundant in the shrub layer 
and Bladhia japonica in the field layer. 
It is found in the lower mountain region 
of southwestern Japan. 
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7. Pinus densrflora-Pinus Thunbergii- 
Jnniperus rigida-Eurya japonica var. 
inontana S.T. This is a community of 
stunted pines which grow to the height 
of only 3 m. even in the course of 100 
years. P. Thunbergii is found in 
abundance with P. densiflora. Juniperus 
rJgida, Eurya japonica var. montana, 
Rhododendron dilatatum, Rh. linearl- 
folium var. macrosephalum, Pleioblastus 
yoshidake and Miscanthus sinensis are 
found frequently as undergrowth, of 
which Juniperus is the most character- 
istic. It establishes itself on shallow, 
poor, dry soils chiefly in the districts 
around the Seto Island Sea where the 
climate is dry for Japan. This is the 
typical, inferior pine forest of the warm 
temperate zone just as Pinus densiflora- 
Juniperus rlgida-Rhododendron Kaemp- 
feri S.T. is the typical of the cold tem- 
perate zone. 

8. Pinus densiflora - Rhododendron 
^usianum-Miscanthus sinensis S.T. 
This is a younger, developing pine forest 
and has no accompanying trees and 


shrubs. Ip the field layer Rhododendron 
kiiisianum and Miscanthus sinensis are 
abundant. It is found developing on 
the ranges and burned places In the 
KyflshO district. 

Finns densiflora - Cyclobalanopsis 
glauca Association. The above-men- 
tioned eight S.T. are found generally in 
the warm temperate zone where ever- 
green broad-leaved forests establish 
themselves as the climatic climax. 
Evergree^ are abundant in these S.T. 
That is, Cyclobalanopsis, Shlia and Ilex 
are abundant in the tree or subordinate 
tree layer, and Eurya, Vaccinium, Bobua 
and Camellia are abundant in the shiub 
layer. The field layer is also occupied 
by evergreen ferns like Dicranopteris. 
Considering the structures stated above, 
this group of S.T. may be safely called 
the Pinus densiflora-Cyclobalanopsis 
g'lauca Association. The components of 
the Association are mostly the same as 
those of the climatic evergreen broad - 
leaved forest.s which are chiefly com- 
posed of Cyclobalanopsis and Shiia. 


E. Finns Thunbergii-Cyclobalanopsis glaiica Association 


1. Pinus Thunbergii-Eurya japonica 
var. montana-Dicranopteris glaiica S.T. 

Pinus Thunbergii is pre- dominant in the 
tree layer accompanied by P. densiflora 
and also by various evergreen trees such 
as Shiia japonica, Cinnamonum Cam- 
phorea, Msujhilus Thunbergii and Disty- 
llum racemosum. In the shrub layer 
Eurya japonica var. montana is abund- 
ant, and in the field layer Dicranopteris 
glauca and D. dichotomata grow in 
abundance. It occurs on deep, well- 
drained soils, chiefly in the Kyfishti dis- 
trict. 

2. Pinus Thunbergii-Cyclobalanopsis 
glauea-Pleioblastus yoshidake S.T. Pinus 


densiflora, Cyclobalanopsis glauca, Ma- 
chilus Thunbergii, Cinnamomiirfi japoni- 
cum and Quercus variabills are found 
frequently as.sociating with P. Thunber- 
gii. Eurya japonica var. montana are 
frequent in the .shrub layer, and Pleio- 
blastus yoshidake dominates the field 
layer. It establishes itself on deep 
alluvial or diluvial soils and also orw vol- 
canic ashes. It is distributed in the dis- 
tricts of KyCishh, Shikoku and Chhgoku. 

3. Pinus Thunbcrgii-Alnus Sieboldi- 
ana S.T. Alnus Sieboldiana is abundant 
in the shrub layer of this forest, and 
llthophytic, evergreen ferns as Nephro- 
lepis cordlfolia and Pyrosla lingua are 
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frequent in the field layer. It ‘is open 
pine forest developing on the lava and 
pumice ejected recently on Miyakejima 
Island. 

4. IMnus Thunbergii-Deiitzia Siebodii 
S.T. Few trees other than Pinus Thun- 
bergii are found in the tree layer. 
Dcutzia Sieboldii is abundant and Eurya 
japonica var. montana is frequent in the 
shrub layer, in which the young trees of 
Cinnamomum Camphorea, C. japonic um 
and Ilex Oldhami also occur. Daphni- 
phyllum glaucescens, Nephrolepis cordi- 
folia and Oplismenus patens grow vigor- 
ously in the field layer. It Ls found on 
the lava and pumice on Sakurajima Is- 
land in Kagoshima Prof., where the pine 
is, however, increasing by plantation. 

Pinus Thunbergii - Cyclobalanopsis 
glaiica Association. The four sociation 
types mentioned above are found in the 
southwestern parts of Japan, especially 
in the KydshCi district. The tree layers 

The Development of 

It may be proved from the paleo- 
botanical and the pollen analytical 
studies up to this time that both species 
of pines appeared in recent geological 
times. Their first occurrence was prob- 
ably in the upper Pleistocene period. 
They were, however, rare at first and 
increased gradually. Nowadays the 
pines flourish extensively all over the 
country, which is chiefly due to the in- 
terference of man destroying the clima- 
tic deciduous or evergreen broad- 

A. Natural 

As it is humid in our country, the na- 
tural development of pine forests are 
restricted to the stands of special eda- 
phlc conditions, viz. ridges, rocky out- 


PINE FORESTS 

of these pine forests are for the most 
part composed of P. Thunbergii, accom- 
panied by P. densiflora. Many evergreen 
broad-leaved trees, Cyclobalanopsis, ^ 
Shiia, Cinnamomum, Distylium and 
Machilus, are usually abundant in the 
tree or subordinate tree layer. Ever- 
green shrubs such as Camellia and 
Bobua are found in abundance in the 
shrub layer. Dicranopteris glauca and 
D. dichotomata spread over the field 
layer. Although they resemble those of 
the Pinus densiflora-Cyclobalanopsis 
glauca Assoeuation they are distinguish- 
ed from the latter by the conspicuous 
abundance of P. Thunbergii and subtro- 
pic evergreens as Cinnamomum and 
Distylium. They may be, accordingly, 
called the Pinus Thunbergii-Cyclo- 
balanop.sis glauca Association. The 
lorests of the latter two S.T. are in the 
course of development on the volcanic 
ejecta. 

Japanese Pine Forests 

leaved foresUs. That is, the expansion 
of the pine forests has been done at the 
sacrifice of the broad-leaved forests. 
The development of the pine forests in 
general is accomplished semi-naturally 
as mentioned above, though they also 
develop naturally or by plantation. The 
author Investigated the various cases of 
development of our pine forests, travel- 
ling all over the land, with the following 
result: 


Development 

crops, screes, volcanic ejecta and allu- 
vial sands. These forests may be re- 
garded as edaphic climax of pioneer 
communities. The following examples 
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were seen: 

1. Ridges and rocky outcrops. Al- 
though exacting trees can not establish 
themselves on such habitats, as the soils 
are shallow, dry and poor there, the 
pines are able to grow there vigorously 
and to form the forests which may be 
considered the cdaphic ctiniax com- 
munity. Pinus denslflora-Pinus penta- 
phylla S.T. on the coast of Lake To- 
wada, Aomori Pref., P den.sillora- 
Quercus serrata-Hugeria japonica S.T, 
on Kinkasan Island in Miyagl Pref.. and 
P. densiflora-Tsuga Sieboldli S.T. in the 
southwestern part are example.s of na- 
turally developed forests on ridges or 
rocky outcrops. 

2. Volcanic ejecta. As there arc 
many volcanoes in Japan, we can find 
In our country piace.s that have been 
newly laid out by volcanic ejecta, viz 
lava, pumice, ash aird mud. Exacting 
trees are not able to establish them- 
selves on such infertile soils, while the 
pines and other non-exacting trees can 
Invade and e.stablish thcm.sclves. The 
pioneer forests developed in the.se areas 
are occasionally composed of tire pine.s, 
because they can grow more rapidly 
than any other trees. For example, in 
the cold temperate zone: Pinus den.si- 
flora-Alnus pendulata S.T. on the mud- 
flows on Ml. Bantai in Fuku.shima Pref., 

P. denslflora-Deutzia crenata S.T. on 
the lava- and mud-flows on Mt. Fuji in 
Yamanashl Pref., P. derrsiflora-Quercu.s 
serrata-Rhus ambigua S.T. on the 
pumice fleld.s on Mt. Asama in Nagano 
Pref.; in the warm-temperate zone: 
Pinus Thunbergii-Alnu.s Sieboldlana S.T. 
on the lavas and pumices on Mlyake- 

B. Semi -natural 


jima Island. 

3. Alluvial sands and gravels. The 

pines usually prevail on alluvial sands 
and gravels, where other exacting trees 
are not able to e.stablish themselves 
owing to the Infertility and dryness of 
the site, P. densiflora-Quercus serrata- 
Hugeria japonica S.T, atrd P. densiflora- 
Q. 'serrata-Pleiobla.stus chlno S.T. are 
found on such areas in the TOhoku and 
and neighbouring districts. P. demsi- 
flora-Salix .spp. S.T. is a community 
developing in newly deposited areas by 
the side of rivers. Almost all the pine 
fore.st which grow nowadays in the 
coa.stal sands were for the greater part 
originally planted, therefore they shall 
be mentioned in the section concerning 
artificial development. 

4. Screes or collapsed areas. We can 
occasionally find pine forests developed 
on the bare areas which were caused by 
land collap.se.s. The natural develop- 
ment of the pine forests accomplished 
there may be regarded as the common- 
c.st in our country. These forests, how- 
ever, are small in scale. The S.T. de- 
veloped on such areas are as follows: 
In the cold temperate zone: P. densi- 
flora-Mlscanthus sinen.sis Zoys^a Japo- 
nica S.T.; in the warm temperate zone: 
P, Thunbergii-Eurya japonica var. 
montana-Dicranopteris dichotoroata S.T. 
a.s well as the former. 

5 . Bogs and solfataras. Groups of 
pines are found developing even on such 
extreme habitats as bogs and .solfataras 
where other trees are not able to Estab- 
lish themselves owing to stagnation, 
high acidity and infertility of soil. 

Development 


Formerly both the evergi-t-en and thederi- ed over the greater part of our country, 
duou-s broad-leaved forests had flourish- They were, however, destroyed by hu- 
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man agencies such as clearing, firing, 
grazing, etc. The pines are able suc- 
cessfully to invade and to reproduce 
themselves on these denuded places. 
Considerable areas which were at one 
time probably occupied by the broad- 
leaved forests came to be covered with 
regenerated forests of pine. The ex- 
amples of this semi-natural development 
are as follows: 

1. Cleared areas. Both the dediduous 
and the evergreen broad-leaved forests 
were, most probably, made extinct by 
repeated clearing in our country. Then, 
the pines were able to establish them- 
selves in these denuded places. They 
tended gradually to form pure forests 
when other trees which hindered their 
development were removed. They could 
reproduce themselves Hnore easily in 
areas where coniferous forests, e.special- 
]y pine forests formerly existed, than in^ 
areas of broad-leaved forests. The 
greater part of our pine forests were 
established in this way. The following 
S.T. are found developed in these cleared 
areas. In the cold temperate zone: P. 
densiflora-Quercus serrata-Rhododen- 
dron Kaempferi S.T., P. densiflora-Q. 
serrata-Pleioblastus chlno S.T. and p. 
deasiflora-Cryptomeria japonica S.T.; in 
the warn) temperate zone: P. denslflora- 
Cyclobalanopsis glauca-Dicranopteris 
ciichotomata S.T. and P. densiflora-Cy. 
glauca-Pleioblastus yoshidake S.T. 

2. Burned areas. Relatively few 
cases in which the pine forests develop- 
ed on burned areas are known in our 
country, while they are very frequent 
in other countries. In former days when 
forest fires were purposely started, the 
pine forests were, developed frequently 
in this way. For example. P. denslflora- 
Cyclobalanopsi.s glauca-Eurya japonica 
var. montana S.T. at Odo in K6chi Pref. 


is said to have been developed on such 
a burned area. 

3. Denuded grasslands. Our grass- 
lands which are used for grazing and 
mowing are made semi-rraturally by 
clearing and firing the forests/ If these 
grasslands are devastated by excessive 
use, the invasion and establishment of 
pines become very easy. These invading 
pines will develop gradually into a pine 
forest, if they are left to themselves. 
Many examples of this development can 
be seen in our country, and a number 
of excellent pine forests developed in 
this way, especially in the Tohoku dist- 
rict. In the cold temperate zone the 
initial stage is P. densiflora-Miscanthus 
sinensis Zoysia japonica S.T. and the 
final one is usually P. densiflora-Quer- 
cus serrata-Rhus anbigua S.T.; in the 
warm temperate zone the initial stage 
IS the same as in the former zone, the 
final stage, however, is P. densifiora- 
Cyclobalanopsis glauca-Pieioblastus yo- 
.shidake S.T. 

4. Abandfoned fields. We can occa- 

; ionally find pine forests developed or 
developing on abandoned fields. The 
initial stage is usually P. densiflora- 
Miscanthus sinensis Zoysia japonica 
S.T. But the final stages vary accord- 
ing to the climate in which they estab- 
lished themselves. In the cold temperate 
zone: P. densiflora-Quercus serrata- 
Rhododendron Kaempferi S.T.; in the 
warm temperate zone: P. densiflora- 
CycJobalanopsis glauca-Pieioblastus yo- 
shidake S.T. and P. Thunbergii-Cy* 
glauca-Dicranopteris dichotomata S.T. 

5. Unsuccessfully planted areas. 
Clearing off the vegetative cover and 
preparation of soil are usually done be- 
fore the plantation. Bared patches, 
therefore, make their appearance here 
and there in these planted sites. The 
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pine trees are able to Invade these 
areas easily, and develop themselves in- 
to pure, pine forests, especially in dry, 
impoverous habitats where the exacting 
planted trees can not establish them- 
selves. These examples are found for 
the most part on the ridges of planted 
Itod everywhere in our country. They 
are seen usually on the planted sites of 


Chamaecyparis obtusa, Cryptomeria 
japonica, Cinnamomum japonica, etc. 

6. Other bare areas. The pine trees 
often invade areas laid by man, viz. 
cleared and reclaimed lands, and they 
come gradually to be united into a 
pioneer community, P. densiflora-Mis- 
canthus sinensis Zoysia japonica S.T. 


C. Artificial Development (Plantation) 


The artificial development of the pine 
forest is achieved by the plantations, 
Which have been done considerably over 
wide areas in our country. Planting of 
the pines is done usually on waste lands 
like denuded ranges and coastal dunes. 
These planted pines not only establish 
themselves as a pine forest but are also 
naturalized in propagating- in the 
neighbourhood. Two cases are known 
as particular examples of plantation on 
bad lands. In the districts around the 
Seto Island Sea an extensive area has 
been denuded by over-luifcbering. P. 
densiflora and P. Thunbergii are re- 
planted in this bare area, and in ’this 
case their establishment is attained 
successfully when Alnus pendula or 
Myrica rubra are planted with them. 


Nowadays almost all coastal dunes have 
been covered by pine forests, except in 
Hokkaidd, though they were once bare 
and attacked by sand drifts. P. Thun- 
bergii were planted to keep the areas 
from the prevailing wind and sand drift, 
which was achtoed with great effort. 
The greater pan of these forests are 
naturalized and are reproducing them- 
selves successively with the help of 
proper practices being used at present. 
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The writer has previously reported to three different species of the fresh- 
(1947) on Chlamydomonas sp., a green water polyp. This epizoic alga is a 
alga, found epizoic on the fresh-water species new to science, and Ls named 

polyp. This green alga which was first Chlamydomonas hydrao from its host, 

discovered from a pond in KyOshfi has The writer is indebted to the Late 
.subsequently been found from several Prof. Sanji Hbzawa and to Profs. Mutsuo 

re.servoirs in Miyagi Pref. and was col- Kat6 and Arika Kimura for their kind 

lected abundantly from three lakes in valuable advices. 

Nagano Pref. They were found attached 

Chlamydomonas hydrae, n. sp. 

The size of the cell in living specimens of the cell somewhat resembles a lar^e 
which were collected from three locali- glutinant, a kind of nematocysts of the 
ties is as shown in Table 1 and Text-fig. polyp. 

1. The cell-wall is rather thin; and a 

The cell is elongate oval in form, very small papilla is present at the an- 
narrowed towards the anterior end and terior end. The two flagella of equal 
more or le;ss curved. The size and form length, almost as long as the length of 

Table I. Size ol tlie cell in living specimens from three localities. 


Locality ! 

‘ MiiiiinuTTi 

95 

fiducial I 

of 

mean 

Maximum 


Lcnj^lh 1 

Widdi 

LciiRth (/x) 

Widtl 

J (lU) 

Lcngiii 

Width 

(1 ) Re i 1 volrM in 

Miyuto-; liima ljuno, 

1944) 

11.1 1 

,3.9 

1 1 

*12.24 

12.94 ! 

! 

3.90- 

wl.18 1 

13.7 

4.8 

(2) Rc.«ervoirs near 
Stniciai (June and July, 
1945) 

9.8 

3.3 1 

11.8]- 

i 

" 12.4,3 

4.00 - 

4.38 

[ 13.7 

1 

1 

1 

,5.2 

1 

(3) Lakes in Naj^u- 
no Pref. (Oct., 1945) 

11.7 

1 2.8 

' 12.9L 

14.13 

3.83 

4.21 

18.9 1 

5.2 

1 

Total 

i 9.8 

1 

2.8 

1 12.48- 

- 13. OH j 

3.99- 

4.21 

18.9 

5.2 
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the cell, arise anteriorily from the side 
of the papilla. The two contractile 
vacuoles are situated in the anterior 
colourless cytoplasm. A small eye-spot 
Is located in the anterior side of chloro- 
plast. The cell po.ssesses a concave 
lateral chloroplast, confined to its con- 
Vex side. A marked pyrenoid is present 
In the middle or rather more anterior 
part of the cell (Text-fip. 2, A). 

This alga .seem.s to be normally 
epizoic. The organi.spi attache.s it. self 
almost perpendicular tO the body-surface 
of the polyp by the ilaRella which arc 
curved backward.s at the points of at 
tachment (Text-fig. 2, B). The green 
alga infrequently t.ran.sfcrs it.s position 
oh the body-.surface of the polyp, while 
It usually osculates the body by means 
Of the motion of its flagella. It was 
.observed that the epizoites rarely be- 
come detached from their ho.st in cul- 
ture-media, even by .strong shaking of 



1 

2 

3 

1 


P 

• 

2 

o 

P 

• 

3 

o 

o 

\ 


Text-fiK- 1' C.'omparistjii botwom 

tlic nicftns i)f IcTiptb iL) ciiiti wirltli 
j (W) of iho it'll of tbp ipcciniPH- 
fiom ihrPt' loChlitii'f nitiiiliont cl m 
Table 1 (in r< liabiliO’ n 

() No significant (lifftiencc Lk^I- 
ween means. 

0 Significant differtmct between 
variances. 

the tentacles of the polyp, but on the 
slide glass, some epizoites sometimes 
detach from their host and mostly swim 
away making active spiral movements 
by rolling themselves. The algae attach 


over the whole body-surface of the 
polyp, and are commonly dense on the 
distal portion of the column and tenta- 
cle.s. When they attach sporadically, 
the algae are not isolated one by one, 
but ius.semble iMther into groups 



Tcxi-fiB. 2, Chlamydomona.^ liyclrac, ii. sp. 
A, (lenoral form of the rill. 

U, Celh allarhi'd in the body- 
snr face of the fresfnwaler polyp. 
A,x2i'^M); H, x KRHb 


The green alga was found epizoic on 
the three species of fresh-water polyp, 
Hydra japonica, H. paludicola, and H. 
inagnipapillata, and so it seems that the 
epizoite does not choose any particular 
species of the polyp. The physiological 
relation between the green algae and the 
polyp hs not yet known. The host seems 
to .suffer no visible Influence by the 
thinly attached epizoites, but when their 
attachment is dense the body of the 
host may be somewhat smaller than the 
normal one in size. Unfortunately the 
life history of this alga has not been 
observed. 

Localities apd seasons of collection: 
A pond near Miyazaki, Miyazaki Pref. 
(June, 1943); a reservoir near Nakatsu, 
Oita Prof. (June, 1943); several reser- 
voirs in Miyato-shiina, Matsushima Bay, 
Miyagi Pref. (June, 1944); a pond near 
HachirO Lagoon, Akita Pref. (Nov. 
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1944): two reservoirs near Sendai, Korshikov found on a rotifer, especially 

Miyagi Prof. (June and July, 1945) ; Lake in the epizoic mode 6f life. But the' 
Kisakl, L. Nakatsyna, and L. Aoki, present Chlamydomonad can be dis- 

Nagano Pref. (Oct. 1946). tinguished from rattuli in the form of 

Remarks: The present new species the cell, the presence of the papilla, and 

closely resembles Chlamydomonas rattuli the position of arising of the flagella. 
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The Mt. flakkoda Botanical Labora- 
tory was established in 1929 «as a branch 
of the Biolottical Institute, Tohoku Uni- 
versity in Sendai. The laboratory is 
shuated at about 900 meter elevation 
on the southwestern slope of Odake, the 
highe.st peak (1,585 in) of Mt. Hakkoda. 
Mt. Hakkoda in reality is an extinct 
volcano group, consivSting of eight main 
peaks, and stands on the northeastern 
end of Honshu, the main island of Japan, 
being located at 140 53 E.L. and 40 39 
N.L. 

Now. the laboratory buildings arc 
situated in the amidst of the alpine 
botanical garden of some 10 hectare 
containing many native trees, shrubs 
and herbaceous perennials, besides 
numerous kinds of alpine plants collect- 
ed from several high mountains and the 
north parts of this country. They are 
all well kept in the natural conditions 
and provided for the botanical study 
of the investigators as well as for the 
appreciation of the alpine plants lovers. 
Although the botanical garden is sur- 
rounded with a wide and luxuriant mix- 
ed vegetation of Sasa and shrubs, great 
many different types of native vegeta- 
tion in this mountain region offers ex- 
ceptional facilities for the study of plant 
ecology. 

The very nature of the extinct volcano, 
weathering, erosion and other physio- 


graphical factors as well as remarkable 
diversity of habitat at every local place 
bring about the many different kinds 
of vegetation in a rather limited area: 
While the summits of the peaks are 
covered with a large number of alpine 
plants, their gentle slopes are occupied 
by coniferous and deciduous forests 
having Sasa-shrub as undergrowth. 
Solfalaras and hot springs are still 
found in several places with their special 
vegetations. Bare region, rocky and 
detritus, of volcanic origin together with 
numerous streams originated from 
mountain snow which remains till the 
late summer, presents quite different 
habitats for the mountain plants. Still 
more cons])icuous type of vegetation is 
that which is developed on the peat 
bog.s and marshes on the tgrraces of 
the volcano. In short, Mt. Hakkoda 
offers great many types of native vege- 
tation of which some ^ire still remained 
untouched by the botanists. Thus in 
Mt. Hakkoda not only many different 
ecological types of vegetation are found 
within a day’s walk from the botanical 
laboratory, but also there are a large 
number of interesting places illustrating 
a wide range of development of vegeta- 
tion. 

Indeed, the work of the Mt. Hakkoda 
Botanical Laboratory includes both 
botany and zoology, special attention 
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tjelng given to ecology and field works. 
The ecological work and exercise were 
first done in 1929 in this laboratory and 
has been carried on each summer since 
that time. The scope and nature of this 
foundation works are indicated by the 
lis|i of publication cited below. 

Any investigator or collector may 
be granted the use of the laboratory, 

I. Contributions from the Mt. 

1. Horikawa, Y. The vegetation of 

Mt. Hakkoda. Sci. Rep. Tohoku 
Imp. Univ. 4 scr. 5*555, 1930. 

2. Okahara, K, Physiological studies 

on Drosera. I. On the proteolytic 
enzyme of Drosera rotuiidifolia. 
Ibid. 5:573, 1930, 

3. Motomura, I. On the presumptive 

position of the material of* the 
medullary plate in the frog’s egg, 
Rhacophorus schlegelii var. ar- 
borea Okada et Kawano. Ibid. 
5:591. 1930. 

4. Takamatsu, M. Studien uber die 

Mykorrhiza-Pflanzen in Solfata- 
ren~Gebiete auf dem Berg Hak- 
koda. Ibid. 5:607, 1^30. 

5. Okahara, K. Physiological studies 

on I^rosera. II. On the effect of 
quinine and atoxyl on pepsin. 
Ibid. 5:739, 1930. 

6. Okada, Y. Contribution to the 

knowledge on the soil microflora 
of Pseudosasa-association. I. Ibid, 
6:149, 1931. 

7. Yoshli, Y., und Jimbo, T. Unter- 

suchungen liber die osmotischen 
Werte bei Pflanzen auf dem Berg 
Hakkoda. Ibid. 6:259, 1931. 

8. Jimbo, T. On the dally fluctuation 

of the osmotic value in plants. 
Ibid. 6:285, 1931. 

9. Yoshii, Y.. und Hayashi, N. Bota< 


I 

under certain conditions, during summer 
time from the end of May to the begin- 
ning of October. Inquiries for this 
privilege and for information regarding 
the laboratory should be sent to the 
director of the laboratory Prof, Y. Yoshli 
in the Biological Institute, Tohoku 
University. Sendai, Japan. 


Hakkoda Botanical Laboratory. 

nische Studien subalpiner Moore 
auf vulkanischer A.sche. Ibid. 
6:307, 1931. ^ 

10. Okahara, K. Physiological studies 

on Drosera. III. Tiie effect of 
various acids on the digestion of 
protein by pepsin. Ibid. 6:573, 
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STUDIES OF CLEAVAGE. V. THE ROLE OF VACUOLES 
IN THE CLEAVAGE IH.ANE FORMATION 
IN SEA URCHINS’ EGGS. ' > - ■ ’ 

liY 

ISAO MoniMlIRA 

( Will) ?''! 'lY’xt ficuirON/ 

CUF('(-Mve4l AuRiI.mI 31, 

Clcavai^e, division oi cytosoinc, is of two typos; namely by furrowin.cj or 
constriction, iind ]>y the formation of a cell jdattt. Jiro^uily speiikinj,^, the first is 
characteristic of mitosis in higher miirnals, particularly in the cleavaKe of the 
animal o\mm, iind the second of higher phuUs. Notwithstanding numerous 
reports on the cleavage of animal eggs, our knowledge on the mode of for- 
mation of the increasing surface of aiimal (ells is very limited, fn the previous 
paper it was stated that the cell surface of the ( leavmge plane in Uie vsea urchins’ 
eggs is a newly formed surface In the present paper it is intended to give the 
results of further observations on the mode of formation of cleavage plane in 
the sea urchins' eggs. 

Obwservmtions were carried out on the eggs of rfm?io/)IcHn^s harduickii (GRAY ), 
StrongylocefUridus nudus (A. AGASSIZ) and Stro}t<{y!()ccntrotus pulcherrimus 
CA. AGASSIZ) at the Asamushi Marine Hioiogical Station. 

BEHAVIOR OF VACUOLES WITH BASOPHILIC GRANULES 
IN THE EGGS OF TEM S4>riA:X liX S, 

The fertilized Teynnopleurus harduickii were fixed with BOUIN’s fluid 

L1u h<‘ nich'd by eraiiti' from Japua vS>ci(‘t y for t L(' Promot -.oiiot Scientific. 

lU*f^eaich mid Iw the Sciontitic KeHearch Kxpendiluie of the Depuftnient- nf JYlucutiorr 
**j Gout ribut ions fwn the iMmine Biolofricn! Slaliou, AHuniusbi, Aomori Ken. No, l/H, 
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at the first cleav^agje stage. The paraffin serlions were stained by llEIDENfl AIN's 

iron haernatoxylin or by aqueous scilulion of Janus green after being washed 

for ten minutes with N '2 NaOlI. Tne baso])liilic' granules were electively 

stained with the latter method. 

/ 

In the egg ol Temnoplcurus the hnst cleavage furrow begins to appear 40 
minutes after fertilization. The interval between the first and ser<md cleavage, 
which will be called the cleavage interval, is 20 minutes at 250. And it was 
noted from the obvServation of the movement of the surface of the egg during 
cleavage that the process of cleavage can be divided i’ to three sucteeding 
stages. 'Phe first one third of cleavege interval is the stage of surface extension 
in which the furrow is formed by extension of the cortical ('yOo[)lasm of the 
egg. In the middlt^ one third the new cell surfa('e is formed at the furrow 
region. The last one third is the karyokinetic stage of the next cleavage 
<MDTOMnRA 1940). 

Tlie morphological changes during those three stages of tlie cleavage ifiterval 
were studied on the stained sections At the anaphase of the nuclear division oi 
the first cleavage, many vacuoles, which are empty at the center and are 
adhered with basophilic granules, were observed around the amphiaster. Those 
vacuoles will be called hereafter the basophilic va('U')les. At the telophase, when 
the division of the cytosome begins the basophilic vacuoles were coming to the 
spindle region. The cytoplasm of the equatorial region was porous at this stage, 
and formed the diastema, a more lightly stained zone composed of larger alveoli 
(Figs. 1 and 2). When the cleavage began, the basophilic vacuoles were observed 
mainly at the furrow tip, and some of them were observed near the spindle, 
which had begun to fade. Those phenomena were observed during the stage of 
surface extension (Fig. 3). At the end of this stage the basophilic vacuoles were 
moved to the equatorial region of the egg (Fig. 4). 

The middle one third of the cleavage interval is the stage of new formation 
of the cell surface. And it was described in the t)revi(nis paper that the surface 
area of the furrow region of the cell increased remarkably. At thiS time the 
basophilic vacuoles fused to each other, and formed large vacuoles at the 
equatorial region, especially at the middle of the spindle (Figs. 5 and bj. In 
some preparations it was also observed that the basophilic vacuoles were atta- 
ching to the cell surface at the cleavage plane, where the new formation of the 
cell surface was assumed, and the cell surface itself became also basophilic. 
At the last one third of the cleavage interval, the basophilic vacuoles mostly 
disappeared from the cleavage plane. And. a lens shaped cavity, which is the 
first rudiment of the segmentation cavity, was observed between the two 
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blastomeres CFi^s. 7, 8 and 9). It will be assumed that the cavity will be formed 
by the released substance, either by the fluid of the vacuoles or by the 
osmotically active substance from the vacuole. At the anaphase of the nuclear 
division of the second cleava>te the baso])hihc vacuoles appeared again around 
the cy taster. 



1—9. S<'Ct.i<)HM (tf cRLTs nf jplcvrun HtaiiwMl by 11 r.i di.mmi sV lu'inatox \ lin. 

Hhowinc^ the b(‘huvinr of vacuoU^H tluring lh(‘ t‘o\irH<‘ the firsi ck'uvave Kitr 1 
An»ph».s<‘ of tlw' nuclear <liviHio)j. 'Phe ha'^ophilic vncuoleH are vinible near tin* (‘(juator 
and cytasU^rs. Fig. 2. 'I'elopbane. Fitr. vo Ih'gimnng of tin* fvirrowing, nh owing Ha* 
baHophilic vacao|t‘fl at tlie furrow tip and at tlie spindle, region. Fiv 4 t'uri owing stave 
Hhowiiig the vacuoles moved Iti tla* (*<piatorial region of the ppindle. Fig. k and o. Ihul 
of the. Const rictioji tla* furrow, showing the vnc\iol(*s adheiing to tla* cell snrfac(' of the 
cleavage plum*, hdg. /. i‘hid of telophase. 'I’ln* new formation of cell surface was mostly 
acc<unplislKHl. A lens like sp^iice and a cell htidge an* visible betwe(*n the blast >merc*s 
Figs. 8 and 9. Uegiinhng of the karyok in(*siH of th(‘ HiHMiid cl(*avag(‘- '14ie l(*j^-lik(* space 
is prc'WMit. 

The behavior of the basophilic vacuoles reveals in the first place that they 
migrate to the equatorial region prior to the beginning of the formation of 
the new cell surface, and disappeared at the time when this phenomenon is 
accomplished. And, thus, they will be the material of the new cell surface. In 
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the][^sec()nd place, ilfis^also noticeable that at the end of 
(he first cleavage a lens-like cavity, which is the beginning, 
of the segmentation cavity is formed. 

BEHA'VlOK OF SILVEB STAINED GRANULES 
IN THE EGG OF STnOMiYLiH iySTIiOTl S 

ri LVUKKinMl s. 

In the egg of Siroi^L^ylocentroius^ pulcherrinius the 
silver-staining method after DaFanO was employed for 
the staining of the vacuoles, because they were not stained 
with the above mentioned method. The eggs were fixed by 
cobalt formol mixture after DaFANO at the cleavage stage, 
ddiey were then impregnated with 1% silver nitrate, and 
were blackened with the hydroquinone and sodium sulphite 
developer. In paratlin sections the vacuoles were stained 
black. Whether or not those figures are to be comparable 
with the Golgi apparatus, the writer is not certain be- 
cause otlier methods tor GOLGI apparatus were not tried. 
Nevertheless, in the present material this method was 
useful for demonstrating tlu* spec ial vacuoles of the egg 
of this species. 

The behavior of the silver -stained vacuoles simulated 
that of ihe basophilic vacuoles in Tonnopli'iirns. Short- 
ly prior to the beginning of tlie furrowing, the silvw- 
stained vacuoles were observed near the arnphiaster (Fig. 
10). In the dividing c^gg, tlwy gathered at the equal orinl 
region. And .some of them formed large vacuoles at the 
middle of the spindle, which had already began to fade 
(Figs. 11 and 12). They stuck to the cell .surface of the 
cleavage plane until the beginning of the ni»clear division, 
and deert^ased in number, (Figs. 13 and 14). When the 
furrowing of the second cleavage began, the vacuoles 
were visible again only on the second cleavage plane, 


Fig*-’ 1 ('— L’. SccliojLH of of Sfr, iit/i/h pvh'hcrr'nnv^ wit h the 

jnothnd, Hhowirif’- iLv behavior of tl.o vaevoU^ in riMatioii to ihc^ r(‘!l aurfaev formation, 
10 , II and 1 2. S0vcr-Htaiia‘<1 vucn<'lt‘H inovi‘ to tlic cfpjator of tho epK an tlic* cleavage 
fill row advaiCcM, arid^forrn Uupc' vi choIoh at the eqiiatotial region 12. and 14. The 

vacuolc'H altflchiiig h> the cel! Hurface < f the equator diHappc»ared piadually in the coume 
of tlie fonnatiou (*f thc^ new cell surface Fig. LnThe vanmleH are viaible mainly on the 
second cleavage plane, but few on the firnt cleavage plane. 
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Figs. 16-20. 81rfinka^?o 
membrfti^ JV)t drawn in 
prior to the beginning of the 

already pres^nit Fig l7. Kj 
equator whereas it is not at t 
^in hypertonic eea water alter 
on the side of the cleavage 
♦ each other were formed. Fig 
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whereas they were absent on the iirst cleava^^^e 
plane (Fig. 15), 

The writer is inclined to think that lliOvSe 
phenomena in Stron^ylcc ^ntroiu^ is indislinguisli' 
able from the behavior of the basophilic vacuoles 
in Tvm)iop!enrus. And those vacuoles apparently 
supply some substance taking part in the formation 
of the new' cell surface and also in the formation 
of segmentation cavity. 

MODE OF SHRINKAGE OF THE EGG 
IN HYPERTONIC SEA WATER AT 
THE FIRST CLEAVAGE STAGE 

It was noted in I lie preceding chapters that the 
new cell surfac'e at the c leavage plarK‘ will be* fr»rm- 
ed in relation to the materials of the Ijasoj^hilic 
vacuoles as well as tlie silver-stained vac uolc's. d'he 
presence (/f the diastema was also describe:! in the 
egg of 'fVnniopUitrNS. hi tlu' jiresent chapUu’ the 
plasmolysis c^xperimcMit was cariied out for the 
purpose of making out the local (]ifferenc:e ol densi- 
ty of the cytoplasm dining lhc‘ Course of clea\'age. 

Idle eggs of Siro}iy!;yioCcntri)ius }tuilt(\ wcTe put 
into hyiiertonic sea water made by adding 5g. NaCl 
to lOJ cc se:i w'ater. 'fhe mode of shrinkage 
was different according to the cleavages stage. The 
fertilized egg prior to the first cleavage shrank 
from many sides and became polyhedral. If the 
eggs of just prior to the first cleavage^ wcn‘e jiut 
into hypertonic sea water, shrinkage continued 
mainly at the equator, and as the result, the egg 
became dumbbell shaped (Fig. 16). 1'he eggs 

dehydrated at the beginning of furrownng, also, 

of <'l' S. umhiM in hyp<u tonic hc'ii waic'i- Koi tilizat ion 

thofcK‘ figniCH. Fig. l6- Fgg placcvl in hypiutonic hc'u wjUcm jiiHt 
fnrrowiivg The Vffg shrank at the equator, whenv ilie diaHtc^ma 
ig at the beginning of farrowing- Hhrinkage violent at the 
he pile aH well an at the margin. Figw. 18 ainl 1 6 plur*ed 

the formatum of Uie new cell Hurf ace. Tlie Khrinkagc' procwdn 
plai>e. Two concave lieminpheree .with the innei hUc'h facing 
20. Shrinkage of egg at the beginning of the sc'cond cleavage. 
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shrank at the equator, and so, the majority of the cytoplasm went toward the 
p>olar regions; and a long cytoplasmic bridge remained at the center 17). 

After the completion of the furrow the eggs shratik on the side of the 
cleavage plane, so as to form two concave hemispheres with the inner sides 
' facing each other (P'igs.18 and 19). At the beginning of the second cleavage 
those hemispheres shrank at the equator of the second division (Fig. 20). 

In short, the shrinkage by dehydration occured always at the equatorial 
region of the dividing cell. This reveals that the rigidity of the superficial 
portion of the cytoplasm differs remarkably according to the regions ; that is, 
the cell surface of the cleavage plane is feeble in comparison with the jxilar as 
well as the marginal region of the blastomere. And, the last mentioned region 
seemed to be very rigid as if it were a solid flange. And from the observ^ation 
on the eggs just prior to the beginning of furrowing, the presence of soft cyto 
plasm at the equator, diastema, was also ascertained. 

DISCUSSION 

It was already noted by CONKLIN (1902) that even l>efore the furrow actually 
appears the future cleavage plane is clearly foreshadowed by the diastema in 
the eggs of Crepidula. 'I'he same phenomenon was also observed by TaHARA 
(1915, 1921) and by CASTLTLLR (1925) in pollen-mother cells. From the obser- 
vation of dehydration it was shown that the diastema is already present prior to 
the beginning of the furrowing. And the basophilic vac uoles as well as the silver- 
stained vacuoles were observed in the diastema of the eggs of the sea urchins. 
The behavior of those vacuoles reveals the possibility that they will supply the 
materials for the new cell surface. And accordingly, the role of the diastema 
during the cleavage will be not only to make the pathway of the furrow but 
also to supply the materials of the new cell surface. 

According to FRY (1937) the mid body of animal eggs is homologous with 

the cell plate in plant cells. The mid-body of the sea. urchins’ eggs remained 

♦ 

for a while without change, and it showed no sign of forming the cell surface. 
The phenomena of formation of the new cell surface, which have already been 
proved by an indirect metlied in S pulcherrimus and Tcmnopleurus by the writer 
(MOTOMURA 1935 and 1940), will depend on the substance other than that of the 
mid-body. 

In the eggs of S. pulcherrimus the cleavage advances only by the extension 
of the egg surface in Ca-free sea water; but if Ca ion is present in the medium 
a new cell surface is formed at the cleavage plane (MOTOMURA 1941), It wilL 
be shown by those facts that Ca ion is one of the important factors for the cell* 
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surface formati(>n in the cleavaj^e However, in regard to the chemical relation 
between the above mentioned vacuoles and Ca ion. further observation will be 
necessary. 


SUMMARY. 

Morphological observations during the cleavage of the eggs of the sea 
urchins. Tctnnopleurus hardu ickii, StrongyIocentroti4S nudus and Strongylocentrotus 
pulchcrrimus, were can*ied out. 

Special vacuoles adhered by the basophilic granules appearing at the cleavage 
stage of the eggs of Tcmnopleurus. And. silver stained vacuoles were observed in 
the eggs of Stro}igylorentrotus instead of the basophilic vacuoles in Temnopleurus. 

The l>ehuvior of those vacuoles in both species were alike in the course of 
cleavge,and it is probable that they will be the material of the new cell surface. 

The eggs of cleavage stage shrink at the equatorial region, when they were 
put into hypertonic sea water. This shows that the diastema is actually present 
in the sea urchin's egg, and that it is feeble cytoj^lasm against dehydrati(>n in 
comparison with that of the polar as well as the marginal regions. 
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In this paper is summarized the initial resulti> from the experiments, attempted 
on studying a special relation lof calcium to the activation of unfertilized eggs 
and the mechanism of sperm entrance in fertilization reactions. And, the appro- 
priate treatments of the fully grown ovarian eggs with the calcium-free sea-water, 
prior to. irivsemination. will be reported as an improved method of artificial ferti- 
lization oi the eggs of some marine invertebrates. 

MATERIALS AND METHODS 

The normal (or homologous) fertilization of the three species of marine 
invertebrates, and the cross fertilization between two different sea-urchin species 
were tested. The material, used in the former case, were a clam. Mactra 
sachalincrisis, a starfish, Assert as aniaroisis, and a sea urchin, StrongyJocentrotus 
nudus. The materials, used in the latter case, were the eggs of SfrongylocentrotHS 
piilcherrirnus and the sperm of Sirongyloccntrotus inter medius. 

The eggs were firstly dissected out of the female gonad, kept without any 
contamination with sea-water, and 'quickly released into a dish containing calcium- 
free artificial sea water. Thus, the eggs were exposed for varying periods of 
time to the calcium free medium in the dish. After this calciurrFfree bath, the 
eggs were concentrated towards the center of the dish by gentle rotation, and 
about 2 cc.of such a dense suspenj^ion ol the treated eggs were removed through 
a pipette and transferred to another dish, containing 30 cc. of the standard 
artificial sea- water. Nearly all of the supernatant fluid in the second dish were 
also pipetted out quickly and replaced by a fresh standard solution. In this manner, 
the eggs were washed at least once or twice and recovered from the calcium-free 
bath. Subsequently, they were inseminated artificially in this recovering conditio*. 

J) CdUtributioiiH from tlio MariiK* Biological Stati<m, AKamiishi , Aomori Ken. No. 179. 
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'The spermatozoa were not treated with the calcium>free bath. The ‘‘ dry ” sperm, 
was diluted to 1 : 200 with the standard solution. A few drops of such spermatozoa 
suspensions were added to the recovering eggs for insemination. 

As the controls, the eggs were not treated with the calcium-free medium, but 
kept in the standard solution for the corresponding periods of time to the calcium- 
free bath. In this case, also, the eggs were transferred to the "second dish of 
fresh standard solution, and essentially the same insemination method was employed 
as that of the experimental treatments. The eggs from a single female and the 
sperm of one male were used invariably tor any given comparison. 

At each point of investigation, the contents of the dish, experimental as well 
iis control, were stirred by drawing in and out of a pipette. Samples of a few 
drops, selected at random, were examined repeatedly. Several hundreds of eggs 
were counte<i it\ total to determine the percentage of the developed eggs. No 
special attempt was made to control the temperature of the experimental solutions, 
besides the inseminated dislies were kept cool in a stream of th(* running ta^) water, 
in whicli the tluctuation of temperature* was within The solutions were 

mixed in the proportion as shown in 'Fable 1. which has approximately the 
normal concentration of the cations in natural vsea Wivter. 


Table 1. Composition of the artificial sea-water. 



Ind ividuHi nail 

Standard s<»luli<m ('a' 

ciurn-foM' Mcl.'.tion 


DiKtillod \Nat(T 

. 87 cc 

78/ t'c 


I M 

^,'8 cf 

-1/8 ('(* 


('.0 M K('l 

J 8 cc 

18 cc 


(KC/ M ('a('b 

7/ CC 



c.;'./ Al Mf?:':, 

47 ce 

42 (!c 


(\8V M 

H'J oc 

8 ' cc 


Ofy M Na 11(^0, 

8 cc 

8 cc* 


Total volume 

10'>' cc 

cc, 


The pll of both HolutiuiiM adjusted, by H<lditiou of o. I X Na()|l m C.I X 

lUd.Ho as tu lie in IIk' ranve of imtural s4*a-WHler (G’. pll 8.1 tn 8,'). 

KESXJIiTS 

1) Mactra sachalinensis 

In most cases of Mactra sachalinen.^is, the percentage of the cleaveti eggs was 
lower than 30^11^ by the usual method of artificial insemination (Conts.1,2 <&: 3 of 
Table 2). When the eggs were treated with calcium-free and recovering baths, 
a significantly high percentage was obtained as shown in Exps.1,2 and 3 of Table 
2^ The time factors concerning these treatments, both calcium-free and recover- 
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ing baths, appeared to be very important. In this case, the best results were 
obtained for the exposure of 60 minutes to the calcium free bath and for the 
stay of 60 — 120 minutes at the recovering:. 

Table 2. Improvement of the artific ial fertilization 
on Mart r a sachalinensis. 


No. of 

Dote Olid 

Nunih<‘rs 
of iws 
, iiiveHti.Lrated 

To'atnuMitH prior to 
iiiMiMniiiatioii 

ltarig(‘ of 
cleaved percent, 
e.sl iniatcd 
(ar^O.l) 

cxpt'rinKMil.M 

U'lupt'rature 

Ca-lree 

bath 

Ivenivi'iiug 

batli 

Kxp 1 ; 

Mav IGth. 

]u4f> 

\2^\0'V 

220 

60 mill. 

120 min. 

51.6—25.2% 

(’out. ] 

la^ 

- 

180 min. 

12.5— o.2'\; 

Iv\n. 12 ! 

Mas nth, 

12-icn’ 

242 1 

60 min 

120 min 

o4.2— 

^ i 

('..lit -2 1 

2*^0 


180 nnn | 

22./^ 1 Q 2'*,; 

Kxp 

(’out. 

Mav 2 ti<1 , 

20 1 

! i]06 

60 mill. 

60 min 

120 min. 

AD. 0—54.0'",; 

2'M— 22.5",; 


2) As/ertas amurcnsis 


Th<5 eggs of Asterias amurensis, in good condition, gave generally a little 
high percentage of the cleaved eggs upon usual insemination (70 -30,%). More- 
over, the percentage of these developed eggs showed a great variability, due to 
the different periods of time for the standard solution, /.c.the factor concerning 
the aging of shed eggs into sea-water. In one batch of eggs from a single 
female (used in Conts. I, 2 & 3 of Table 3), the highest percentage of cleaved 
eggs was shown for the period of 30 minutes of aging; while, in another batch 
from a different female (used in Cont. A of Table 3), the same high percentage 
Table 3. Improvement of the artificial fertilization 
on Asterias amurensis. 


No. of 

experiments 

Date and 

tern pe rat u r(‘ 

Numbora 
of eg^-H 
iuve.stigated 

TreatnieniH prioi to 
iuHtnn illation 
t’a-frw I Kecviverinp*- 

batli 1 bath 

Kange 

cleave4l percent 

1 Psti mated 

12 xp. 1 


789 

' 15 min 

5 

min. 1 

1 

! 87.8— 83.0% 

(’•Hit. 1 

April 5tli, 

1^46. 

554 

“ 

20 

min. 

50.2—43.9% 

Kxp 2 


' 2k) min | 

5 

min 

88.5-81.1% 

(Mill 2 

i3~io"c: 

349 

' ^ ’ 

35 

min. 

73.5-62.8%; 

Kxp 2 


293 

60 min. 

1 

5 

min. 

87.4—73.6% 

( out. 3 


525 , 

- 

65 

min. 

38.7~30.2% 

Kxp A 

April 7tli, 
1946. 
I2~I0“(! 

208 

180 min. * 

5 

min. 

1 

84.8~78.8;v 

(Ajiit. .'\ 

198 ! 


185 min 

72.0~62.4V • 
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was found after a period of 3 hours of agin^^. Such ai^ individual variability 
for the aging processes may depend upon the degree of cytoplasmic ripeness in 
different individuals. The former eggs are likely to be more over ripe than the 
latter. In eitlier case, however, a constantly improved high percentage becomes 
evident by the appropriate exposure to the calcium-free and recovering baths 
before insemination. In the eggs of Aslerias also, the time factors 

concerning the treatments are very important. The best results were obtained 
through an extremely short stay at the recovering bath within 5 minutes), 
after very long exposure to the calcium-free medium (15 - 180 minutes). 

3; Sirongylocenirotus nudus 

On the eggs of Strongylocentrotus nudus, a high percentage of fertilization is 
usually obtained from n(R treated eggs (100 — 90)\,). But, in this experiment, 
eggs from some special si>ecimens of low fertilization-capai'ity were selected, 
althougli tla* factors abolishing their fertilization-capacity wxTe quite unknown. 
The influence of the calcium-tree bath on (^he sea-urchin eggs becomes first 
evident only in such a special case. The two data indicated in Table 4 were 
sucli examples, in which, a failed percentage of the control eggs was probably 
due to the over -ripeness of eggs near the close of the breeding season. In these 
examples, the appropriate treatments with calcium-free and recovering baths 
were very effective and produced an exceedingly high percentage of cleaved 
eggvS and improved thc‘ failed percentage of the controls. Concerning the avail- 
able range for the periods of time of the treat rneJits, the results are somewhat 

similar t(j the case of Aster tas amurensis an extremely short recovering 

bath (, within 5 minutes), after very long exposure to the calcium free medium 
(90 — 150 minutes). 


Table 4. Improvement of the artificial fertilization 
in Strongylocentroius nudus. 


Treatuieiits prioi to j L'augc 

iiiseminiilion cleflviHl pi'rcnit 

batli I _ (cr^-O.l ; 


No. c,f 

oxperiuiciits 
Exp. 1 


t'ont. 1 


F.xp. A 


(^)nt. A 


D»U* and 
UMnpt'raturc 

Oct. 

1946. 

18-16^'’ 


N umberH 
‘4 eggs 
invi-MtigaUMl 

103 


Oct. 22nd. 

1946. 
18- 15^^ 


114 

277 


378 


Cadrof 

bath 


90 mill. 


150 min. 


5 niiii 


95 min. 
5 min. 


155 min 


99.2-92.7% 
3/.2— 40.6% 
97.8—93.5% 
33.5-^25.10,; 


4) Strongylocentrotus pulcherrimus (^) x Strongylocentroius intermedius (g) 
It can be seen that the capacity of not treated eggs for cross fertilization, 
gave only a low percentage of normal blastulae (Cont.l in Table 5). When the 
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■eggs were treated with calcium-free and recovering baths, the cross fertilization^ 
promoting influence became evident through these treatments. Significantly 
higher cross fertilization-values were, thus, obtained for the present combination, 
although the percentage of the improved cross fertilization was still slightly 
/below the values obtained for the normal (or homologous) fertilization of each 
species (Exp.l in Table 5). The periods of time necessary for improvement are 
also indicated by combining long exposure to calcium free rnediuTU (]<S0 minutes) 
with extremely short recovering bath (5 minutes). 


Table 5. Improvement of the cross fertilization in the 
Combination Stro}iiiylorentr()fus pulchcrrimus (? ) v 
Siro7ifivlocentrott4S internicdius{^z ) . 


..f ' 

i'xjH't mu'iit'- 

Date aial 

toiiipr 1 aUifi' 

1 

; .f _ 

1 mvi‘stivuU‘d 

iS t'aUiU'tiT-- prior lo 
inst‘ndnnt lOn 

UfCDVania/ 
batli bath 

1 -i 

ic!<*a\ia! pciL’iMit,. 

' (^'tmuUrd 

1 /a ■. 1 

Exp 1 

April 8lh 

1-^46, 

I SIU 

I8U iiiiii, 1 mm 

i 

(’nllt 1 : 


i I Jill) 

i" 


COMMENTS ON THE SYNERGISTIC ASPECT OF ACTIVATION 
BETWEEN THE PREVIOUS BATH IN CALCIUM-FREE 
MEDIUM AND THE REMOVAL TO 6EA-WATE 

It is well known that the calcium ion in the fertilization-medium plays an 
important role upon artiticial insemination of many marine eggs. In many author- 
ized investigations reported already (cf. HOHSON 1928, SCHKCllTEK 1937 & ’41, 
HOLLI NtiSWOKTil 19-11, etc.'), and also in iny pr(^visional trials, the following two 
aspects are distinguished from this kind of actions of the calcium firstly, the 
presence of the calc um in the medium is presumed to be essential at least for 
the sperm entrance and the membrane lormation of fertilizati<)n reactions, and 
also the eggs can be never fertilized in the calcium free medium itself ; secondly 
the life span of unfertilized eggs is prolonged by the storage in the sea-water of 
low calcium contents. Through the data reported here by myvself, a third 
aspect may be added to the action of calcium in question. In this third aspect, 
it is noteworthy that distinct improvement of artificial fertilization results from 
the synergistic effects between the calcium-free and the recovering baths of the 
fully grown ovarian eggs. Effects very similar to that of calcium are reported, 
recently by LEFEVKE (1945), in regard to the actions of picric acid on the acti- 
vation of unfertilized Nereis eggs : viz., when the eggs are activated artificially at 
the removal from the previously short stay at 0.001 M picric acid sea-water to 
the ordinary sea-water, the synergistic actions between these procedures cause 



AKTlKlCIAr. INHKMfNATION OF MARINE KOGS 


267 


a clear-cut increase to the refeponce of the nuclear break down. 

Tliere are several theories to explain the activation of unfertilized egjjjs ( f A. 
oxidation theory by LOEB, permeability theory by LILLIF, coagulation theory or 
colloid chemical theory by HEILBRUNN. depolarization theory by DALCQ, calcium 
release theory by HEILBRUNN and his colkiborators, etc. ). All these theories 
postulate that the stimulation must involve physicochemical changes within cells. 
According to the calcium release theory of stimulation tc/*. HEILBRUNN & WILBUR 
1937, Wilbur 1939), it is conceivable tliat the activator substance is equivalent 
to the fre<t calcium released from the cell-cortex. The synergistic aspect of acti- 
vation d(‘rnonstrated in the present investigation may also be explained by the 
})resence of activator substance suggested in the calcium rek^ase theory of stimu- 
lation. It is supposed that some unknown physicochemical disturbance, possibly 
causing the liberation of masked calcium, occur at the egg cortex by the previous 
treatment with calcium-free medium. At the removal to the standard solution, 
the egg-cortex undergoes a series of subsequent changes and may be recovering 
from disturbance to attain the physiologically stable balance. The condition 
favouring the sperm etit ranee at){)ears probably in the course of these changes. 

In recent pai>ers, RUNNS'I'K()M and MONKOY have emphasized the possibility 
that actions of some proteolytic enzymes or the detergent like Duponol may 
olay a leading rdle in the activation of the eggs {cf. RUNNS'LRoM 1918, MONROY 
& KL NNS'I'R< ^\! 1948, MoNKOY 1948;. We can imagine, therefore, that a pos- 
sible factor a(’tivating a chain of these enzymatic reactions may be awaken in 
the procesvses of recovery from calcium-free bath. In fact, the egg cortex seems 
to attain the stable balance in excess of recovering bath, because the effective- 
ness of treatment is missed again by the insemination practised after too long 
a stay in tlu^ standard sidution. 

In the present experiments, no good result is obtained, unless the fully 
grown ovarian eggs are directly treated with calcium-free medium and recovered 
appropriately in standard solution. The improvement of fertilization is always 
obscured by means of treatments of the shed eggs into the sea-water. Moreover, 
the treating periods of time, available for the improvement of fertilization, vary 
in the eggs of different forms and individuals as slated already. It is suggested 
that the most appropriate periods of time treated with calcium-free bath are 
rather short for the molluscaxi egg and somewhat long for the echinoderm eggs. 
The best recovering periods are, oa the contrary, remarkably long for the 
mollUvSC and extremely short for the echinoderms. Besides the limited range of 
appropriate treatments for each species, the percentage of the cleaved eggs has 
a tendency to be rather below the values obtained for the controls. In every 
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case of the present experiments, no development of the look place by the 

mere removal to standard solution itself, even if the were exposed much 

longer to calcium-free medium. In addition, some indications of the poly. '.perm a tic 
^ggs or the abnormally loosened segmentations were observed in a few samples 
pf Mactra eggs, which were tested by inseminating too soon after removal to 
the standard solution. These samples were, however, too few to justify any 
conclusion. At all events, it is remarkable that the effectiveness of the treat- 
ments becomes first evident, when tlie synergistic influences are ap])r<)priately 
utilized between the previous calcium free bath and the subsequent recovering 
to sea water. 


SUMMARY 

The artificial fertilization of some marine invertebrates is significmitly 
improved by means of newly deviced treatments, in which the fully growm 
ovarian eggs, exposed to the calcium-free vseawater previously, are recoverexl by 
transferring to the artificial sea-water, and subsequently inseminated there by 
the sperm. By this method, good results are obtained for the fertilization of 
Mactra sarhalinensis, Asieria^ amurcnsi^, and Strongylocenirotus nudus. and also 
for the cross fertilization between the eggs of Strongyloccntrotus ptilchcrrimus 
and the sperm of Strongylocentrofus intermedius. 

The time factors available for the effective treatments, both the calcium- 
free and the recovering baths, are very important and variable in tlie eggs of 
different species and individuals. The distinct improvement of fertilization 
becomes evident only through the synergistic influences, where the treating periods 
of time for the calcium-free and the recovering baths are appropriately combined 
with each other. 

It is supposed that some physicochemical changes favouring the sperm 
entrance are awaken in the egg-cortex of recovering procesvses from the previous 
calcium-free bath. In this respect, the research will be continued both from the 
physiological and the morphological points of view. 
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(With 4 'rc'Xt -fif.'-urcN ) 

( AnfTBwt r.l, 

INTRODUCTION 

It has been shown in the previous paper ( Hi W ATASHI . 1949a ) that the forma- 
lin-killed animals of a certain mating type clump with living animals of the 
opposite type and subsequently yield selling pairs in the living type. In addition 
to this, he repc)rted that in the reciprocal combinations of living and killed 
types, in which the living animals of types 1, 3, 6 and 7 were mixed with killed 
animals of types 2. 3. 5 and 8 respect ively, no clumping between the killed and 
living animals were observed. 

In relation to those facts the author carried out the following two experi- 
ments; that is, inactivation of the formalin killed reactive animals by treating 
with some agents, and further studies on the failure of the reaction in the 
reciprocal combinations mentioned above. 

The writer wishes to express his hearty thanks to Prof. ISAO MOTOMURA 
for his supervision throughout this work. 
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by grant+^ from Japan Society for the T*rumoti(»u of Scientific hcHoarch and by the 
Scientific Km^arch Expenditure of the Department of Mncutioii. 
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MATERIAL AND RCETHOD 

Four stocks of Paramecium caudaium were used for the present experiments; 
they are Lj, 5 (type 1). Lh 6 (type 2), Ka 6 (type 3) and K 32 (type 4), the former 
two belonj^ to group 1 and the latter two to group 2 respectively in the writer’s 
collections. , The same method of culture described in the preceding paper 
(THIWATASHI, 1949a) were mostly used, and in some experiments, 0.3%^ cold extract 
of clover leaves with a small quantity of dried yeast was also used. In order to 
induce the maturation for mating, rapidly multiplying paramecia were washed 
with sterile tap water and concentrated to the density of about 4,000 individuals 
in Icc. of fluid. Seven hours or more after this procedure, a strong mating 
capacity was induced. Cultures of animals and tests of mating reaction were 
carried out at 25^. 

BJS8T7X.T8. 

treatm:ent of formaxin killed animals with some agents 

It was noted in the previous paper (HIWATASHI, 1949b) that formalin-killed 
animals of a certain mating type react strongly and specifically with living 
animals of the opposite type. In the present experiments, the conditions of the 
reactivity in the formalin-killed animals were tested by treating them with some 
agents. Chemical agents used were ethanol (95^, 75^^ and 25%), methanol 
C80?|^, 40% and 20^), acetone (95%, 50% and 10%), acetic acid (5% and 1%), 
urea (from 30^^ to 1%) and ammonium sulfate (from saturated to 5%). 

In the first experiment, the mating-active animals of type 3 were killed by 
35 ^ formalin and washed thoroughly with tap water. As stated above, the killed 
bodies still retain their specific reactivity. Immediately after this procedure, 
the killed bodies were treated for 5 or 10 minutes with one of the chemical 
agents mentioned above at room temperature (18^^20X)), and washed again with 
tap water. They are, then, mixed with the living animals of type 4 As the 
results, when the killed bodies were treated with one of the agents, 25%^ ethanol, 
20^ methanol, acetone, ^5%~10% urea or ammonium sulfate from saturated 
solution to 5^, the mating reaction and the following selling induction occurred 
in the mixtures. And, on the other hand, the reactivity of the killed-bodies of 
type 3 was inactivated, ’when they were treated with acetic acid, or with ethanol 
in 95^ and 75%^ methanol in 80^ and 40^, acetone in 95J^ and 50% or urea 
from 20^ to 305^. 

In the second experiment, animals of type 3 were killed by one of those 
solutions ineffective to the reactivity without previous treatment with formalin. 
When the killed bodies were mixed with the living type 4, the clumping between 
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the types were observed.! The bodies killed by ammonium^' sulfatel^solutions of 
various concentrations showed the best result, the strong specific clumping and 
subsequently induced selfing. And the mating reaction as well as the selfing 
induction were poor, when the bodies were killed by one of the solutions ; 25^^ 
ACthanol, 20^)b methanol, acetone and 15%' -10%^ urea. It seems to be probable 
that the nature of the killing action of amai'mium sulfate will be the dehydration. 
And, therefore, glycerine was tested, which is one c^f the dehydration agents. 
Animals were killed by glycerine in concentrations from 50% 5% ^nd were 
mixed with the living animals of the opposite type. As it was expected, the 
result was positive in the concentrations over 20%, but in the cases of low con- 
centrations, the killed animals cytolysed and the reactions were negative. 

Another set of experiments on the inhibition of mating reactivity were 
carried out by heat and various pH values. Formalin -killed animals heated to 
45“C. for 5 minutes in tap water retained their specific reactivity to living animals 
of the opposite type, but they failed to react after 5 minute exposure at 
In the pH experiments, mating reactive animals killed by formalin were treated 
with tap water of various pH’s, from pH 2.5 to pH 10.0. No buffer solution 
was used and the change of pH of the solutions measured about 0.2 after 30 
minutes from the beginning of the experiments. Formalin-killed animals retained 
their specific reactivity after 30 minute treatment at 25‘'C. with water, acid 
to pH 5.0 or basic to pH 9.2. No reactivity was left when treated with water 
more acid than pH 4.8 or more basic than pH 9.5. Thus the pH stability range 
of the mating reactivity of killed animals showed a clear-cut result. 

Finally, the formalin-killed reactive animals were disrupted completely by 
grinding and were then centrifuged. Neither the centrifuged solid part nor the 
supernatant fluid had any mating effect on the living animals. 

DIFFERENCE OF THE ACTIONS OF KILLING AGENTS 
ON THE MATING TYPES. 

In the previous paper CHI WAT AS HI, 1949b), the writer pointed out that, in the 
reciprocal combinations of killed and living types, killed animals failed to react 
on living animals of the opposite type. In the present study, this phenomenon 
was analysed under various conditions of the concentration of killing agents, the 
kind of killing agent, and time of treatment. As shown in Figs. I and 2, formalin- 
killed type 4 or type 2 loses its reactivity after the treatment for a few minutes 
with formalin even in low concentrations, whereas in types 1 and 3, the inacti- 
vating effect of formalin was slow in the low concentrations. 

Here, the cause of the failure of mating reactton in the reciprocal combina- 
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Fi^ 1 Hclatictii betxvoen coiiceutrfttioii <»f f<»rnialin ami tiim‘ for inactivation of 
mating' reactivity in coinr’emcniary typew of Group 1.(12‘’G> 

Fig. 2 Same relation an Fig. I in compleniontary typ<'a of (tnmp 2.(20’\.) 

ti()ni 5 of killed and living types, described in the previous paper, can be interpreted 
as the remarkable difference of the effect of formalin between two types of 
the same group. Furthermore, those figures show that the mode of the inacti- 
vat ion of mating reactivity by formalin is unlike in two complementary types 
of a group. Such an analysis was not carried out in groups 3 and 4. It will 
be possible, however, that a similar relation will be found also in those groups, 
because the mating reaction between the killed and living types was observed in 
the cases of 20 minute treatment with 5^ formalin of tyi)es 6 and 7, and mixing 
with the living types 5 and 8 respectively, but in the reciprocal combinations it 
was not the case. Thus the mating type difference of the mode of inactivation 
by formalin seems to occur in all the four of the Japanese groups Cvarieties) of 
Paramecium caudatum. 

Analytical experiments whether the above mentioned difference is due to 
the fixing action of formalin or to the action of its acidity, were carried out in 
the following way; that is, to compare the relation of time and concentration of 
formalin necessary for killing the animals, and next the effect of pH of the 
killing agent on both types. Experiments showed that there is no difference 
between the tendencies of killing acticn of formalin in both complementary 
types (Fig. 3). Values of pH were about 52 in 25% formalin and 56 in 5%. 
And when 50^ glycerine acidified with HCl was used as the killing agent, the 
critical pH for inactivation of the mating reactivity measured equally 5.0 in both 
complementary types (Fig. 4j. 

Another sorts of experiments concerning the same problem, were performed 
asing ammonium swlfate and glycerine as the killing agents. The effect of 
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Fi^. Uelallou iK'tvveon Ci>Jic(‘ntrati»ti\ of fonnaliu ainl time i\ep,(^>^ary for kiliiiur 
paraniedu in coinpU'inentary tyrt>< ‘'f Group I.C20"</^ 

Fip:.4 ItcUition betwoun acidity of plyceriue and tim(‘ nocowHary for inactivation 
of matint^ react Wity in typ<‘^ of (iroup 2. (20^(0 

ammonium sulfate was similar to glycerine but was different from formalin. It 
is noteworthy that in the case of glycerine as well as ammonium sulfate, the 
mating reactivity was equally retained by short treatment, for example 40-60 
minutes. In some cases, the difference between two types of the same group 
was observed when the animals were preserved for a long time in the solution. 
Animals of typve 1 lost their reactivity in a saturated solution of ammonium 
sulfate after 12 hours at while animals of type 2 retained their mating 

capacity for 10 days. In glycerine animals of type 1 lost their reactivity 
after 80 minutes, while type 2 was reactive for more dhan two days. The 
differences between the lypes in group 2 were not observed with those two 
agents, because the mating capacity of types 3 and 4 were equally preserved for 
a week either in saturated solution of ammonium sulfate or in 50^^ glycerine. 

DISCUSSION 

It was reported by many authorities that the mating reactivity of paramecia 
is inactivated by various agents ; they are heat, extreme pH, complete disruption 
of animals (METZ, 1946) and specific antiserum (Metz and FUSCO, 1948) in Para- 
mecium aurelia; X-ray in P. calkinsi (WICHTERMAN, 1948a) and in P. bursaria 
(WiCHTERMAN, 1948b). According to the present studies on P. caudatum, heat, 
extreme pH, and complete disruption of animals could inactivate the mating 
reactivity of fonnalin-killed animals. Besides those agents, some chemical 
agents were found to inactivate the formalin-killed reactive animals; they are 
ethanol, methanol, acetone and urea in high concentrations, and acetic acid. 

In addition to those results, it was shown in the present ^Experiments that in 
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formalin the mating capacity of a certain mating type was more stable than 
that of the complementary type of the same group. METZ (1948; reported in his 
studies on P calkinsi that formalin-killed animals of type I of his species could 
react to living animals c)f type II and induced pseudoselfing in the living type, 
while killed type II failed to react to the living type I. The conditions of the 
mating reactivity in P. caudatum seems to resemble those in P. calkinsi. In P. 
aurclia, such a difference of the stability of mating capacity between mating 
types has not been reported so far as is known to the writer. 

Further, in the present study, it was found that ammonium suifate and 
glycerine are good killing agents for preserving the mating reactivity. The 
remarkable difference of stability of mating reactivity found in the formalin- 
killed animals of complementary types were not observed in the animals killed 
either by ammonium sulfate or by glycerine. In this resixict, the nature of 
those two agents must be distinguished from that of formalin. 

SUMMARY 

Investigations on the properties of mating type substances in Paramecium 
caudatum were carried out. The results were as outlined below. 

1) The mating reactivity of formalin-killed paramecia was inhibited by heat, 
extreme pH. complete dismption of killed animals, ethanol, methanol, acetone, 
acetic acid or urea. 

2) The mode of inactivation of the mating reactivity by formalin was unlike 
in both complementary types of a group. 

3) Ammonium sulfate and glycerine were found to be good killing agents 
differing from formalin in the point that the former two retain their mating 
reactivity of dead animals equally in both types of a group. 
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The' present paper deals with the results of the tests on the culture methods 
of the e^gi^ of a terrestrial isopod, Armadillidiurn vulgar e (LaTRETLLE). for the 
purpose of embryological study. The culture methods of the eggs of crustaceans 
have been reported by many authorities. In many species of cladocera and 
Succulina, the eggs can easily be cultured in the artificial media without adding 
any organic nutritive substances (RammneR, 1933 ; RaMULT, 1935). On the other 
han ind Moina and others, according to RAMMNER (1933), it is difficult to culture 
the eggs outside the brood-pouch. And in relation to the eggs of the terrestrial 
isopod the field is as yet untouched, as far as the writer is aware. Recently 
the writer took note of the interesting relations of Ca ions for the normal 
development of the eggs of Armadillidiurn. The writer wishes to express her 
sincere thanks to Prof . Dr. ISAO MotomurA for his supervision during the course 
of this work. 


MATERIAL 

The material used was Armadillidiurn vulgare (LATREILLE) collected from 
the neighbourhood of this laboratory. In the natural condition, the eggs are kept 
in the mother's brood-poOch until the larvae go out. Each female contains 
about 50 to 100 eggs in the brood -pouch. For the experiment, the eggs of the 

Financial support wa^ received fnun Dr. I. Motomuka's reacarch budj^et which is backed 
by grants from the Scientific Renearch Expenditure of the Department of Education, 
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brood-pouch were taken out in the early stage of development before the 
formation of the blastoderm, and were cultured in the artificial media. 

RESULTS 

In the first experiments the effects of three kinds of salt solutions on the 
developing eggs were tested. They are sea water, SPEK’s solution made of 6g. 
NaCl. 0.2 g. KCl, 02 g. CaCl, and 0.2 g. NaHCO, per litre of water, and VAN 
HakKEVELD’s solution made of 12 g. NaCl, 0.4 g. KCl, I Sg.CaCk., 0.25 g. MgCF. and 
0.2g.NaHCO; per litre of water. Various concentrations of those solutions were 
tested without changing the proportion of the constituents. In the former two 
media the eggs could not develop, notwithstanding various osmotic pressures of 
the solutions. And this showed that a special coinpt^sition is needed for the culture 
media Fortunately, in VAN HARREVELD’s solution which is the physiological 
solution for the tissues of Astacus and Cambarus. the eggs showed a tendenc^y 
of development. And it was shown that the range of the osmotic pressure 
suitable for the development was relatively wide. That is, in the solutions from 
0 36 Mol to 0 72 Mol calculated for the osmotic pressure of the solution of non- 
electrolyte, over 24 % of the eggs develop>ed to the hatch out stage, whereas in 
0.84 Mol only S% of them hatched out. The optimum concentration of the VAN 
HARKEVEED’s solution is, therefore, 0.48 Mol which is equal to that of the original 
solution. 

As mentioned above, VAN HAKREV1:ED’s solution contains a large amount of 
CaCl^, which is a neoessaiy condition, in comparison with the other two solutions. 
As shown in Table I the rate of developed eggs was large, when the amount of 
CaCl^ wiis 1.6 g. per litre of water. Contrary with this, when the amount of KCl 
was increased no larva was observed. 

The amount of MgCl_. as well as KCl showed no remarkable influence on 
the development, if the solution contains rich Ca ions (Table II). There was no 


Table I 


No. of 
t(^, 

Holution 


fSaius conumt^^ pe 
Hohition in 

r In re ot 
^jramw 

U'HT 1 

Uriinotic 

Concentration 

1 in MoI.m^ 

Duration 
of life 
in days 

Percent a £^e 
of 

hatching 

iNhOI KCl 



NallCOa 

(I) 

12 

0.4 

1.6 

0.4 

0.2 

0.47 

12./ 

5S.0 

(2^ 

12 

0.4 

0.8 

0.2 

0.1 

0.48 

7.7 

2,0 


12 

0.4 

0.8 

0.2 

0.2 1 

0.46 

5.;' 

0. 


12 

0.4 

0.8 

0.2 

0.4 ' ’ 

0.45 

4.5 

0. 

C5) 1 

12 

1.6 

0.4 

0.2 

0.1 

0.47 

3.b 

0. 


♦ The r)Hmotic C()ncentrati<tn was calculated ou the basis oi cnmpleie disHociatinn of 
electrolytes and exprc‘<wed in iHosmotic molar Cnncentraticm of non eU'Ctrolytes. 
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Table II 


N(».of 

t(Nt 

solution 

BhIth 

comeiitH 

per lilrt^ 
in j.rramH 

ot tCHt ho) lit ion 

OnnKitlc 
('onceiit rat ion 
in MoIm * 

' 

Percentage 

of 

hatciiing 

NrC'I 

KCl 

CaCh 

AlgCh 

NaH(’0., 

Cl ) i 

12 

1.6 

1.6 

1.6 

0.2 

0.53 

63.0 

C 2 ) 

12 

0.4 

1.6 

0.3 

0.2 

0.48 

55.0 

C 3 ) 

12 

1.6 

1.6 

0.8 

0.2 

0.52 

52.0 

C‘^) i 

12 

1 .5 

1.6 

0.4 

0.2 

0.52 

5 in 

( 5 .) 

12 

0.8 

1.6 

0.4 

0.2 

0 . 4 ^ 

50.0 

Ct') 

12 

0.4 

0.4 

I 6 

0.2 

0.49 

0 . 


’^The 8anu‘ as in Tnblo \. 


statistically significant difference in the five solutions named (1), (2), (3), (4) and 
(5) in Table II respectively. But in the case, in which the amount of Ca was 
decreased but that of Mg was increased, no embryo developed. 

It has been reported that Rey (1935) cultured the parthenogenetic eggs of 
Daphnia in a modified RiNGER's solution. Unfortunately, the literature bearing 
on Rey’s original method was inaccessible to the writer. 

SUMMARY 

The culture method of the eggs of Armadillidium outside the brood-pouch 
was studied. It was ascertained that in the culture medium a relatively large 
amount of Ca ions is necessary in comparison with the ordinary RiNGER's 
solution. The composition of the medium is tentatively stated as 12 g. NaCI, 
l.Gg.KCl, l.Gg.CaClj, l.Gg.MgCl^ and 0.2g.NaHCO3 per litre of water. 
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Numerous studies have been made on the physiology of mollusoan hearts, 
but no or few works have appeared on the energetics of this organ, as far as 
we are aware. The author attempts in this pai>er to elucidate, for the first time, 
the energetic relations between the mechanical activity and metabolic rate of ttje 
heart of the oyster. Ostrca circumpi<'ta PILS. This 8i>ecies of oyster is a large 
form and its heart affords a favorable material for the study of this kind. 
Many studies on the heart of this sf>ecies have been carried out in our marine 
laboratory ( KOKUBO, NOZAW A. TakATSUKI, etc.'^.. The excised heart can survive 
10 days or more in sea water, and contmues pulsation if conditions are favorable. 
The number of specimens of this species in tJie vicinity of the laboratory has been 
decreasing and 1 had to save the mateidal. Moreover, tlie manipulation of this 
small organ is a delicate task and experiments might often fail. The data given 
below are examples of results of a few successful experiments. 

MATERIAL ANB METHOD 

The specimens used in the present work usually measured about 15 cm. in 
shell length and are much larger than the ordinary edible oyster in this country, 

1) (Joiit ributiotVH from the Mariiu^ Biolotricul Stutiou at AaamuHlu, Aomori Ken. No. 18 \ 

2) The expense <»f this wrk wob partly defrayed by a irrant irgm the Scientific ]iest*arcli 
Expenditure' of the Department of Kducatif-n, to which the author expie,«>e:< his coidial 
thanks. 
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Osirc'j gigas Thunberg. The right shell \ralve was removed and the pencardium 
was carefully opened. The procedure of the present work essentially consisted in 
recording the contraction curve of the heart muscle and in determining the oxygen 
consumption of the heart muscle during the experimental period. From the con 
traction curve, the amplitude and frequency of contraction could be determined, 
and these, with the load on the heart muscle, gave the work performed by the 
heart muscle. For the present purpose, the ventricle alone was used, as the c/^)n- 
tmction of the auricle obscures the contraction of the ventricle in the contraction 
curves. the ventricle was ligated near the aorta and at the auriculo ventricular 
jun(’tion. with pieces oi thin silk thread, then cuts were made outside the ligatures 
on b )th sides, and the ventricle was taken out, and was suspended in a large 
amount (T sea water until used. The sea water had been filtered and 20 or BO cc. 
of it were taken into each of three small glass vessels. One of these was used 
for oxygen determination at the beginning of the experiment and the second was 
used to ascertain that the oxygen content did not change appreciably without the 
heart muscle. The third was used for the experiment, allowing the heart muscle 
to respire therein. The difference of oxygen contents of the control and experi- 
mental respiratory vessels gave the amount of oxygen consumed by the heart 
muscle. The latter was connected to the supporting rod in the vessel on the one 
side and to the lever on the other side. The surface of the respiratory medium 
was covered with a layer of liquid paraffin 3 cm. thick, to prevent diffusion of 
oxygen from without. The determination of oxygen was made by micro-WiNKbER 
method with 1/100 N thiosulfate solution. The whole respiratory medium was 
used for analysis, reagents being poured directly into the vessel after the muscle 
preparation was taken out. Th^ heart muscle showed some degree of spontaneous 
movement even when no weight was loaded upon the muscle, but the rhythmic 
contraction became quite conspicuous and regular and continued for a long period 
when appropriate weight was loaded. When the muscle heart contracts longitu- 
dinally, it expands laterally and vice versa. Tne amplitude and frequency of the 
contraction of heart muscle depend on the tension of the heart muscle, that is 
on the amount of blood in the heart and weight of the load. Tne former factor 
could not be controlled in the minute organ of ^the present study. For the 
estimating the work performed, only the longitudinal contraction of the heart 
muscle Could be taken into consideration. The ventricle did not work as a 
pumping machine in this case. On the way, however, it may be mentioned tliat 
the ventricle showed, in one case, contractions on one side and relaxation on 
the other side, and these changes circulated around the longitudinal (auriculo- 
ventricular) axis of the heart. 



E\EK(JKTr08 OF THE OYSTEU HEART 


‘^81 


For calculating the work done, the general formula for the heart work can 
not be applied in this case, and the general formula for skeletal muscle should be 
employed, which is as follows: 

= I mh 

where iT is the work done, / is the load, and h is the height the load is lifted. 
m is the weight of the muscle, but in practice in this case, only the difference of 
the spt*( ifie gravity of the muscle and the sea-water is effective and should be 
taken intn account. The specific gravity of the heart muscle is not known, but 
was assumed to be 1 On as the specific gravity of protoplasma in general varies 
between 1.02 and l.OvS rSTP'.MPELI. and KoCH 1923). The specific gravity of the 
sea -water was about J.024. The weight of the heart muscle was U.092 grams 
fExi)er. 0. Heart No. 3) and this was multiplied by the difference of specific 
gravities H On - J .021 ^ 0.026 ) . 

The above formula applies to tlie work done in a single twitch of skeletal 
muscle. 'Fhe work of the heart muscle required in this study is the sum of work 
perfoiTned by a series of contrcictioiis, which compose the rhythmic pulsation of 
the ventricle. The term does not change throughout each experiment, 

but the heiglit or amplitude and frequency of contraction CTiried slightly. So the 
cunT of contraction was divided into many parts, where the amplitude and 
frequency remained almost unchanged. The amplitude and frequency of repre- 
sentative porticm of eacli part were determined, and (frequency - /) gave the 
number of contractions of each part and (amplitude x number of contractions) 
gave the tcUal height the load was lifted in each part of the contraction curve, 
The muscle preparation was tied to the lever 6 cm. apart from the fulcrum, and 
the writing point of the lever was 20 cm. distant from the fulcrum, so the 
amplitude in the curve was multiplied by 6/20 to obtain the true amplitude. 
From the data abov^‘ mentioned, the work done in each part of the contractkm 
curve cxRiId calculated, and the sum of the partial work thus obtained gave 
the total work perf<mmed during the experiment. The calculatic.m was simple, 
althougii laborious, and the details are omitted and the results are given in the 
Table. 

BESTTLTS OF EXPERlMENt 

Acting and resting oxygen consumption The results given in table raise 
various problems. The rate of oxygen consumption per unit weight and per 
unit time v^ies considerably and is not always higher when the heart muscle is 
loaded than when it is unloaded, even in the same preparation. Such irregular 
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rities are also met with in other animals (CLARK 1938). The cause of this is not 
^Tor in oxygen determination. The figures in the Table, however, give us an 
idea of the order of magnitude of the rate of oxygen consumption in the heart 
muscle of the oyster as compared with that of (dher tissues or animals. In 
'the vertebrate .skeletal muscle, the resting oxygen consumption is 0 (K)3 cc. Oj per 
g. per min. (^ 180 cmm. per. g. per hr.) and the acting muscle uses oxygen 0.03 cc. 
per g. per min. ( — 1800 cmm. per g. ptn* hr.j The increase due to activity is, 
therefore, ten times the resting rate. The figures in Kxper. 3 are doubtful and 
may better be discarded. The increase in the oyster heart muscle does n(jt 
exceed 50 of the resting oxygen uptake. This may probably be due to the 
fact that the heart muscle of the oyster shows spontaneous movement even when 
it is not loaded, and the “resting'’ respiration is not true resting resphation in 
this case, as has been mentioned above. The resting revspiratory rrde would 
reasonably be expected t(j be high. 

Work performed ayid mechanical efficiency. If Experiment 9 a and b would 
represent the acting and resting oxygen (.‘onsnmption respectively, the work 
perfomied and the mechanical efficiency of the oyster heart muscle could be 
estimated. The load was 0.1463 gr^ims and the weight of the muscle 0.092 grams. 
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The weight of the muscle in excess of the weight of sea-water of the same 
volume was only 0.002372 g. The total work perfe^rmed is given as follows : 
Total Work ~ >:(partial work) y-^m) h ^ (0.1464 -f 0.001186) x 'Ih 

and 'Hh AFt) 

where A is the amplitude, F the frequency and t the time of each period. 
Ft gives the number of contractions in each period, and h - AFt gives the total 
heaig^t the load was lifted in each period. 
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The calculation gave the value of the total work to be 223.16 g. cm., and the 
work per g. per hour is 701.0 g. cm. 

KOBAYASHI determined glycogen and lactic acid content of the adductor 
muscle of this animal, but we have no data bearing upon the metabolism of the 
heart muscle contraction in this organism. If we assume, however, that the 
energy source of heart muscle contraction is glycogen as in vertebrate, and 
oxidation of glycogen using 1 L. of oxygen yields 5.14 Cal., then the oxygen usage 
in doing work in excess of the resting oxygen uptake can be converted in energy 
unitvS, and this amount of energy should have been expended in the performance 
of the work. T'he heart muscle used 26.86 cmm. oxygen per g. per hour, whem 
worked, in excess of the resting usage. 0.092 g. of tissue used in 3 hr. 28 min. 
tlierefore, 26.86 - 0.092 a 3.46 8.55 cmm. of oxygen, in excess. One litre of 

oxygen in glycogen oxidation yields 5.14 Cal. and 1 Cal is equivalent to 425Kg-m. 
of work, the above volume of oxygen, 8.55 cmm., corresponds to 8.55 x 5.14 x 425 
- 1867.7 gram -cent imers of work. The mechanical work done, calculated before, 
is 223.16 g-cm. The mechanical efficiency of the heart muscle of the oyster is 
therefore 


.Mechanical Efficiency 


Work performed 
Energy expended 


223.16 

1867.7 


0.119 


DISCUSSION 


'Fhe data presented here are not abundant owing to scanty of the material 
and difficulties of experiment, but the results vseem to be quite significant as the 
knowledge in this line is poor at present. 'Fhe rates of oxygen uptake of the 
allied forms given by previous authors in books and papers are as follows : - 
Species uptak e, cm tn j gf hr . Authority 

Ostrea sp. 13.75 ROGERS 

Ostrea edulis 15 HEILBRUNN 

Ostrea circumpicia 10.2 (22‘'C.) NOZAWA 

" " 13.5 (25°C.) 


Ostrea gigjs 52 -- 246 IS HID. A 

It is comprehensible that these values, except in O. gigas, are lower than the 
values obtained in the present study, as the heart muscle would be more active 
than the other tissues of the oyster. 

In vertebrate skeletal muscle, performance of work increases the rate of 
oxygen uptake by 10 times the resting rate, while the nerve consumes 10 8 cmm. 
and 26 cmm. per g.per hr. in resting and excited state respectively. A frog’s 
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heart under conditions of moderate activity uses about 1 cc. of oxygen per g. 
per. hr. (CLARK 1938. p. 58). Clark and WHITE failed to show any increased 
oxygen consumption by the frog‘s ventricle or auricle by increasing the work 
performed. They found, however, that under isotonic conditions the oxygen use 
' was 1.8 cc. per g. per hr. and that this rose to 3.2 cc. under conditions that were 
nearly isometric (CLARK loc. cit., p. 86). ' Recent advances in our knowledge of 

cardiac physiology suggest that much of the evidence relating metabolic rate 
and work is inconclusive. Cardiac tissue, when well supplied with tjxygen, 
oxidises lactates but oxidises little or no carbohydrates, but any shortage in 
oxygen supply causes glycolysis. Any interference with the irrigation of the 
frog’s ventricle is therefore mure likely to cause an increased glycogen or sugar 
usage (by glycolysis) than to cause an‘ increased oxygen usage.’ 

Okazaki and KOBAVASHI determined the glycogen content of the oyster. 
Ostrea circumpicta and found that the adductor contains only 1.591 while the rest 
of the body contains 4.611 V the fresh weight. It is well known that muUuscs 
in general are rich in glycogen and its important role in the metabolism may lx? 
expectfed, but we have no concrete knowledge of the cardiac metabolism of the 
oyster at present. "In the case of the isolated heart of the dog, therefore, the 
evidence appears to be fairly complete that a large increase in wt^rk five- 

fold; causes the oxygen consumption to be doubled and that a part of this 
increase is due to increased oxidation of lactates.’ (CLARK lor. rii.) In the 
tortoise’s auricle, work equivalent of oxygen us'age in excess of basal metabolism 
gives the mechanical efhcienc> to be 28 to 39 according to conditions. In 
the case of the human body, the mechanical ethciency, under good conditions, 
may attain a value of 25 )>o- vHlLI, 1927 >. The mechanical ethciency of the heart 
muscle of the oyster reported here is not far from our expectation, as the lower 
organisms such as the oyster would not have advanced inedmnisni, and m(jreover 
only the longitudinal contractions were taken into account in calculating the worl: 
performed. The calculation of the mechanical ethciency w^as made on the basis 
that oxidation of glycogen supplies the energ\^ for contraction. The present 
study is merely an attempt to correlate the mechanical activity and metabolism 
of molluscan cardiac tissue, according to the c<mventi()nal method which has i)een 
usually adopted, but the author hopes this may be the first step of approach 
to the elucidation of the problem. The present status of our knowledge of 

the problem being such as discussed above, furtlier th<> roughgoing studies are 
required. 

SUMMARY 

1. The rate of oxygen consumption of the ventricle muscle of the oyster. 
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O.^irca circumpiria PILS. was determined in resting and loaded conditions. In 
resting state, the rate was 63.38 and 60 92 cmm. oxygen per g. fresh weight per 
hour, and in loaded state it varied from 45 66 to 87.78 cmm. oxygen per g. per 
hour. 

2. A heart muscle preparation, weighing 0.092, performed work of 223.16 
gram-cm. in 3 hr. 28 min. ( 701.0 g. cm. per g. per hr.) 

3. In doing the above mentioned work, energy of 1867.7 gram-cm. was 
expended, and the mechanical efficiency w'as 11.9 ‘^o . 
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INTRODUCTION 

Diurnal rhythm in behavior and physiological rhythms in certain organ 
systems of animals have long interested biologists and led to much speculation 
as to the nature of the mechanisms involved in such activities. Out of the many 
daily changes in animal activities, some would appear to be quite satisfactory for 
studying. Such periodicity is most strikingly exhibited in the pigmentary changes 
of various animals, being reported in shrimps at first by GAMBLE and KeeBLE 
(1900), in brachyurans by MeGUSAR (1912), in isopods by MenKE (1911), in am-- 
phibians by SLOiME and HOGBEN (1929), in reptiles by Redfield (1918). and in 
cyclostomes by YOUNG (1935), etc. 

Welsh (1930 a. 1935) has shown that diurnal changes in the migration of the 
retinal pigments occ ur in several crustaceans even though the animals are main- 
tained under constant conditions of illumination or of darkness. In such a way, 
Welsh (1930) found that the distal pigment in Macrobrachum by day assumes 
the position characteristic for dark-adaptation, independently of the intensity of 

*) This repf>rt iw a part of thp sc'ru'h of papers to the I' acuity of Scioiice, Tuhokn 

University, in partial fulfilment of requironumts of die degree of DotcU.rof Science, ^Tarch 
1948. 
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light. The diurnal independent migration of the retinular (proximal) pigment 
was found by BENNITC1932) in Camb^rus and WELSHC1935) in Penacopsis goodei. 
Furthermore, in 1935, WELSH detected a diurnal migration of the reflecting 
pigment cells in Latreutes fucorum, Lea)ider tenuicorni'i, and Leander affinis, and 
in 1936 he observed the same phenomenon :n ])oth the distal pigment cells and 
the reflecting pigment cells in Anchhtoidcs^ aniignensis. 

The Common occurrence of a diurnal rhythjn in the mov’ements of the eye 
pigments in cnnstacea shows with certainly that the influence of light on the 
pigment cells is neither direct nor decisive. BENNITT (1929, 1232 ) suggested 
already in 1924 at the possibility of a humoral control of these functions, but did 
not regard it as very important ; later he (1932) and PARKER (1932) discussed the 
same view more seriously. Since WELSH (1930) was able to prevent the diurnal 
rhythm under constant illumination by ligation of the eye stalk, the humoral 
hypothesis has been more and more emphasized. Later, the theory of a humoral 
regulation of the migration of the eye pigments in Crustacea was definitely 
proved by KleINHOLZ ( 1934. 1936, 1937, 1938) in Palaenwnctes vulgaris. His studies 
(1934) presented evidence for a humoral control of the distal pigment, but the 
proximal pigmejit appears not to be affected by the same eye stalk extracts, 
which activates distal and reflecting pigments. This seems to l:>e the case also 
with a shrimp Paratya compressa in my own exi>eniment (1947, Report IL). 

Welsh made it appear desirable to examine more closely the internal mecha- 
nism controlling 24 hour cycles in retinal pigment migration. Furthermore, he 
(1941) examined that the diurnal changes of the pseudopupil of the eye of 
Cambarus bartoni persisted for a period of several montlis even in constant 
darkness and he concluded that the migration of the retinal pigments was due 
to a hormone from the sinus gland whose innervation was traced by the vital 
staining method. Thus, it is advisable to study the phenomenon in a number of 
different species to determine which combinations of retinal pigments might l)e 
involved in such activities. The present invevStigatiun of diurnal change in the 
retinal pigments of some shrimps in our country is devoted to this pui*pose. 
Before going further, this author desires to express his thanks to Prof. Dr. S. 
Nomura for his advice and criticism throughout the coui^e of this work. 

MATERIALS AND METHODS 

The materials used in this investigation were obtained from fresh water 
pond in the vicinity of our laboratory and by dredging in the neighbouring sea 
of the Biological Station at Asamushi. The fresh water species was Paratya 
compressa HAAN) and Leander paucidens (DE HAAN). The marine species 
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was Spironiocaris alcirnede DE MAN. 

After a sufficient number of animals had been brought into the laboratory, 
the specimens were divided into two groups, one of which was placed in a white 
porcelain bowl under the illumination by a 40-watt electric lamp at a distance 
'of 50 cm., while the second group was placed in a container covered by black 
paper in the dark-room of the laboratory. * At least 48 hours were allowed for 
individuals to become adapted to light or to darkness. 

After a period appropriate for adaptation, specimens were removed for fixa- 
tion of the eye. According to KleINHOLZC1937), the term '‘daylight'' eye CDL) is 
used to indicated the retina of a specimen that was kept constantly illuminated 
and which was fixed or examined in the daytime, while “ night-^light " eye CNL) 
represents the condition of the pigments in an illuminated retina that was fixed 
at night: conversely, “day-dark" eye (DD) and “night-dark" eye (NDj) are 
employed to designate those specimens maintained in constant darkness whose 
retinal pigments were fixed during the day and at night, respectively. When a 
specimen was taken from the light adapted group, a similar specimen was 
removed from the container in the dark room for fixation at the same time. 

At first, the animals were dropped into hot water (ca. 80^C) for about ten 
seconds to fix the positions of the retinal pigments in the eyes, and transferred 
to CARNOY's solution. Then they were retained in this fluid usually half a day. 

Two methods of for histological study were used. In one method, the entire 
eye stalks were dehydrated by alcohol and then immersed into xylol to become 
transparent. The specimens treated in that way, were viewed by transmitted 
light under the low powers of the microscope and the positions of the distal 
retinal pigment were determined by using ocular micrometer. In the second 
method, when the exoskeleton had been sufficiently softened by the fixative, the 
eye stalks were excised and placed into soft paraffin. The tissues were allowed 
to become infiltrated with the wax for about three hours, with two changes of 
paraffin, and were then embedded. No difficulty was encountered in cutting 
serial sections at 10 /z. Some sections were subsequently stained with DelAFIELD's 
haematoxylin and eosin, and others were mounted unstained. 

EXPERIMENTS 

1. The diurnal rhythm of the distal pigment observed in the total preparation of 
eye stalks 

Studying the clarified total preparation of eye-stalks of the shrimp^s fixed 
under the four experimental conditions mentioned above the position of the distal 
pigment was found as shown in Fig.l. 
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Fig. 1. Entire eye ^-talkn of l\imtya 
viewed by tran«mitUHl light 
through the low p^twern of the micntHCori^ 
and whowing the pwitictii of the dintal retinal 
rigmeniH. 

DL, from a day -light phase ; DD, froni 
a day-<lark phase ; NT,, from a night- 
light pliase ; Nl), from a night-dark 
pliane. 



Fig. 2. The position of three* kimls of 
the retinal pignients shows the diurnal 
rliythrn of the pignienlH migration, 
d- p. distal pigment 

p. p. pn)xiinal pigment 

r. p. reflecting pigment 

ba. m- basement membrane 


This physiological rhythm con- 
tinued in animals kept in the dark 
at least for two weeks at tempera- 
ture 20°-22^C. 

2. The diurnal rhythm of the 
retinal pig'ments in the eyes. 

Investigating by the sections of 
the eyes under the four experimen- 
tal conditions, the position of three 
kinds of the retinal pigments shows 
the diurnal rhythm of the pigment 
migration (Fig. 2.) 

The distal pigment displays di- 
urnal periodicity, that is to say, it 
sShows the day phase in the day 
time under the constant darkness 
and the night phase at night under 
the constant illumination. The re- 
flecting pigment shows the night 
phase at night under the constant 
illumination. But the proximal 
pigment shows only the photome- 
chanical change, the rhythm as 
shown by other two pigments was 
not recognizable. Three species 
selected for my expeiment had si- 
milar behavior concerning the retinal 
pigment, and gave the same, which 
has not been reported hitherto ; — 


Day -light eye 

A. The distal pigment cells are to be found in the typical light-adapted 
state, the cells having moved proximally and come to rest against the 
proximal retinular cells. 

B. The proximal pigment is also in the position typical for the light- 
adapted retina, some of it having migrated above the basement mem- 
brane to surround the rhabdome. 

C. The reflecting pigment is also' typically found above the basement 
membrane. 

^ight-^ight eye 

A. The distal pigment, in spite of the fact that the retina has been under 
constant illumination, is situated at the distal ends of the cones. 
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B. The proximal pigment, however, is in the position in the usual light 
adapted eye, as that of the day-light eyes. 

C. The reflecting pigment is in the position characteristic of a light -adaptfCd 
retina. 

Day-dark eye 

i A. The distal pigment is in the position of the dark-adapted retina, forming 

a collar around the distal ends of the cones. 

B. The proximal pigment has moved 'entirely below the basement memb 
rane. 

C. The reflecting pigment is in the pf)sition characteristic of a dark -adapted 
eye, most of parts above the basement membrane and remaining parts 
below the proximal pigment cells. 

Night 'dark eye 

A. The distal pigment is in the position characteristic for a dark adapted 
retina, forming a collar around the extreme distal ends of the cones. 

B. The proximal pigment -is also in the position in the dark-adai:>ed eye, 
having migrated completely below the basement membrane. 

C. The reflecting pigment is in the position typical for the dark-adapted 
eye. 

3 The diurnal change® in the paeudopupil of the shrimp eye. 

In superposition eyes such as At^tacus and Palaemon, there is a well marked 
pseudopupil which at night gives origin to a general glow. This has been 
described by DAY (1911) in the crayfish Cambarus. This fact was reinvestigated 
exhaustively by WELSH (1939, 1941). 

This ‘ glow”, which results from the reflection of light by the tapetal layer, 
covers a greater area of the eye in a completely dark-adapted animal than m 
one which is partly dark adapted. Hence the “glowing” area of the eye has 
sometimes been called a pseudopupil and this term was used in the present 
paper. 

The present author examined the rhythm of the pseudopuj)!! about two species 
of shrimps Paratya compres^a and Lcander paucidens. Preliminary observations 
on the shrimps demonstrated clearly that the diameter of the pseudopupil varied 
from day to night when animals were kept in the dark for periods of several 
days. It then became of interest to determine how they might be affected by 
temperature change. 

Ten animals were placed in a black container on May 10th and kept in a 
dark room at 20°-^22X. Ten other shrimps were kept in a black vessel in the 
dark room on the same date and meiintained at 8*^0. Food was not given and 
water run ceaselessly. From this date until October, the test of two set of 
ggiimals were made daily with few exceptions. Observations were made by 
removing a jar with its animal from a container and briefly illuminating the eye 
with a bright beam of light. The diameter of the pseudopupil was judged by 
looking at the eye along an axis which runs through the center of the eye and 
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eye stalk. Records were made in a graphic manner as shown in Fig. 3. llie 
times for observation were varied from day to day, and only after several days 
a series of changes such as seen in Fig. 3. could be obtained. 

In order to relate actual moverntmts of the eye pigments to the diameter of 
the pseudopupil, other animals were killed in hot water and the eyes sectioned. 
It was found that the night condition, or larger pseudopupil, was seen only when 
the distal pigment was in the extreme distal position and all of the proximal 
pigment beneath the basement membrane, thus uncovering the tap)etal or reflect- 
ing layer 'i'he decrease in diameter of the pseudopupil was found to be due to 
migration of the two screening pigments toward the positions normally occupied 
in the light. 

Fig. 3. shows the chcinges observed in the pseudopupil in relation to time of 
day and temperature. It may be termed ‘ average ” results, for the figures are 
hashed on study (.)f the records of all animals. In the first place it may be 
noted that there is a definite 24 hour cycle in the changes of the pseudopupil 
and in the sec(jnd place that tlie ‘ day phase " appears earlier and lasts longer 
at the lower temperature. And the rhythmic nature seen at the pseudopupil 
pt^rsi|sted (or long periods of time in the shrimp, kept in constant darkness. 

o o o o o o o 

*^0000 0000 

3 C f rz fS ts n 34- 

(uapliic R'preyont ai i ' *11 ..f the mr o\cU‘ in pseud. >p\ipil <1' tbe 
sliriinp inaintaiiKMl in c uistant darlcnoK'^ a1 JO '. and at lesp'ect ivel y. 

4 The diurnal rnyihm o! the di«tal in tn ' shrimp 

In the case of the entire eyes of the slirimps, it has already been found that 
the distal pigment cells occupied their characteristic i)osition when the animals 
were kept in constant darkness. Then, the analytical investigation of the rhythm 
of this pigment was requiied in datails. 1'he observations of this purpose was 
made from May 20th to 22nd, 1942. The water temperature was 20“--22''C. 

The results are shown graphically in Fig. 4. and Fig. 5. The points as 
plotted are average values of the measurements on the three cmimals at each 
time. Although there were individual variations, they were not great and all 
the animal responded essentially in group as a whole. The migration index used 
in the figures means the ratio of the distance from the outer layer of cornea to 
the extreme distal part of the distal pigment along the long axis of the eye 
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stalk by the distance from the outer layer of cornea to the proximal boundary 
of the retinal pigment mass. It was possible to draw a curve which represents 
quite accurately the movements of the distal pigment cells. The outward 
movement of the pigment begins at about the time of sunset Cat about 18^ 43"\ 
May 20th) and it is slower than the inw^ard movement occurring at the time of 




Fig. 4. hikI Fig, 5 . The diumtil 
rhythmic curve of the uiovementM of 
the distal pigment in the eyes kept in 
constant darkner^ 


sunrise (at about 4'' 32"', May 20th). 

It is also to be noticed that the low 
temperature (8®C.) induced a low ac 
tivity of the retinal pigments : at low 
temperature, the migration rate was 
smaller and the curve sloped more gra 
dually than at high temp>erature. The 
temperature of 8^C. corresponded to the 
average temperature of March in Sendai 
and therefore the rise and decline of 
the curve is fitted to the time of sunrise 
(about 6'' IT") and the time of sunset 
(about 17'' 36'";. For those experiments 
just mentioned, only one species of 
Paratya compressa was employed. 

5. The effect of low temperattire upon 
the proximal pigment. 

The analytical investigation by the 
section method for the eye, which was 
affected by the low temperature, showed 
that the proximal pigment among three 
retinal pigments migrated to or toward 
the positions characteristic of the light 
adapted eye. even though animals are 
kept in total darkness. This fact is 
very significant for the mechanism of 
the migration of the proximal pigment. 
{cf, Plate 1. ) 
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discussion and conclusion 

There will be much wiorance as to the nature of the mechanisms involved 
in the rhythmic activities of the animals. If the retinal pigments were uniform 
in their periodic responses under constant conditions, the problem as to the me- 
diating agents would be relatively simple. But hitherto published accounts of 
the behavior of these pigments with the different crustaceans reveal perplexing 
complexities in this respect. Table 1. summarized the results obtained with 
various crustaceans for the purpose of the comparative consideration. 


Table 1. 



lie 
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Proxonal 

Inve ti^ator 
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^Tbis pap<^*r") 




1 


Wei^^ii Ci9,)S; 

fn(' truiH 

Tl ippolvt 

-- 

NL 
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- 
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- 
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i i idat‘ 

— 

DD 

DD 

Kl KIMlOl.Z Cl 93 i8; 

('<i)fih(iru» iirillx 

P< ftain- 



DD 

Uknmtt ( 1 932 1 

g.mdrl 

T\*n«(*i<la 

K. 

F. 

DD 

W Kl HH Cl 9.' 5 ' 

1‘itrlviiW (VtK't’i^x 
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DD 
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J\ (((‘prcHffi/roiiH 
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K 1. KIMlOl.Z ; I 9 , 7; 
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DD 

Ab. 

DD 

K i.Kj Mioi,/ I v;;; 

('dlijpjni fUi tinned 

Calappada<^ 

DD 

Ab. 

DD 

Klein HO i.z CI^^ )7 ) 


pigment shows normal photomechanical changes but shows no periodicity, 

Ab. • . ..pigment is absent from the retina, 

F. .. .pigment is present, but undergoes no positional changes. 

NL . ..rhythm in a night-light eye, the pigment moving to a typical dark 
position. 

DD .. ..rhythm in a day-dark eye, the pigment moving to the position character- 
istic of a light -adapted retina. 
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In the first four species of macrurans, there is a uniformity of response in 
that the same set of retinal pigments, the distal, shows persistent periodic move- 
ments in the same direction under the same conditions of illumination. I should 
like to call th(ise group Type I. The next two species of shrimps are unusual 
'in that they show evidence of possessing a double rhythm ; not only are distal 
and reflecting retinal pigments involved in the periodic migration, but the 
p€?riodicity occurs twice within a 24-hour cycle, once during the daytime, when 
the animals are maintained in darkness, and once at night when the shrimps are 
kept under constant illumination. I should like to call those animals Type II. 

The two shrimps of our experimental objects showed also a different type, 
as follows. That is to say, the distal pigment has the p)eriodicity of migration 
twice within a 24-hour cycle, the reflecting pigment shows only once at night 
when the shrimps are kept under constant illumination. Then I should like to 
call those shrimps Typ<^ HI- 

Now, in Leandey tcnuicorms and in Latrcutes fucorunt, the 'situation is rever- 
sed, the reflecting pigments showing the rhythm, while the distal pigment cells 
respond only to differences in light intensity. Hence, I should like to call this 
group of these animals Type IV. 

If endocrine control of thCvSe two pigments, distal and reflecting, is universally 
present in the crustaceans, such differences in response may possibly be due to 
threshold variations in reactivity to the same hormone, or. there may be two 
hormones involved, one for the distal pigment and one for the reflecting pigment. 
At any rate, it may be said that Type HI is the intermediate of transforming 
group between I'ype II and Type IV. 

The mechanism involved in the migration of the retinal pigments in the four 
brachyurans {Porhuiny aiiccps, P. dcprcssi/rotis^ Parthcnope scrrata and Calappa 
flammca) reported by l\lj:i nIkU// is open to analysis chiefly because so little is 
known about them (Type V .) , Camharits and Peneopsis seem to fall into the same 
group (Type VI in that the proximal pigment shows the rhythm. 

The mediating agency for the migration of the proximal pigment is Unknown. 
In Palaemonetcs (Klkixuolz, 1936) and J^aratya (N.\GA\t), 1947), the eye stalk 
extracts which affect the distal and reflecting pigments have no effect on the 
behavior of the proxitnal pigment. Early workers on the migratkm of the 
proximal retinal pigment were of the view that this activity was under nervous 
control. But, as BEsNIIT (1932, b) states, the main argument against this belief 
is that no efferent nerve fibers have been found supplying these cells, their only 
nervous connection apparently being afferent fibers going to the optic ganglia 
(PAKKKK, 1895). BenMTT (1932, b; said that an endocrine control may be 
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involved. Recently, Wklsh (1941) pmnted out the innervation of the sinus 
gland whose function is considered to supply the eye stalk hormone. That is to 
say, motor fibers from one of the oculomotor nerves go to the region of the 
sinus gland, and fibers from the medulla terminalis Coptic ganglion TV) and from 
the supraoesophageal ganglion (brain) join to form the sinus gland nei've, which 
can be traced into the tissue of the gland. It may be* suggested that tonic 
inhibitory centers in the medulla terminalis or supraoesophageal ganglion normally 
prevent the release of the retinal pigment controlling hormone. Stimulation of 
the eye by light reduces or abolishes the activity of these inhibitory centers 
allowing the release of the hormone. The evidence for this is largely indirect 
and based on the (observed effects of chloretone anaesthesia, (WklsjI, 1930; 
Wkfsh, 1941), O.-deficiency (HK\\rrr and MKKHKUv, 1932), low temperature 
(C )\(;i)o\, 1907. WKIiSlI, 1941, NvG.WO, in this paper) and general inactivity 
(the day phase or period of “sleep", Wki.s i, 1941 ) Thesc‘ factors, whicli would 
tend to lower the activity of nervous (’enters, cause a migrali<.)n of retinal i)ign'K‘nts 
to or toward the positions c'liarac teristic of the light, even though animals are 
kept in total darkiiess. 

'Fhe regularly recurring 24 hour (’ycles in pigment migration in fh<" t'ye of the 
shrimps under constant external conditiorrs might, therefore, be due to regulai 
variation in the activity of nervous inhibitory centers, causing tlu* variation in the 
amount of hornujiK? rele^esc^d from the eye stalk (probably from the sinus gland). 

SUMMARY 

1. Persistence of a diurnal rhythm in the migration of the retinal pigments of 
three species of shri]7ips, Paratxa ('ompres<a (P)-: 1T\ V.\), Lcandcr panrtdcns U)'' 
H \ \ X) and Spirontoraris nlrvncde I) ' M \\ in constant illumination or darkness, 
is reported. 

2. The diurnal rhythm of the distal pigment in the eye^s of those shrimps was 
observed in sections and total preparations of the eye. 

3. The distal pigment of the two species of the fresh water shrimps has the 
periodicity of migration twice within a 24 hour cycle, the reflecting pigment 
shows only (jnce the periodicity of migration at night when the shrimps are kept 
under constant illumination. 

4. The diurnal rhythm of the pseudopupil can be ^een in the three species. 

5. It may be noted that the “day phase” of the pseudopupil appears earlier 
and lasts longer at the low temperature. 

6. The curve representing the daily movements of the distal pigment cells is 
obtained by using the migration index of its pigment. 
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7. The proximal migration was induced by low temperature to assume the 
position characteristic of the light adaptation, even though animals were kept in 
darkness. 

8. It may be said, that the migration type of the eye pigment may be divided 
into six types, and the Type III found in my experiment is the intermediate form 
between Type II and Type IV. 

9. The persistence of the diurnal rhythm suggests that an internal rhythmical 
mechanism may be responsible, in part, for pigment movements in crustacean 
eyes. 
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INTRODUCTION 

While the effect of drugs on vertebmte melanophores has been determined, 
few similar investigations have been made on c:rustacean chromatophores. 
Ar.i; \ M< »\V i l Z (1936) succeeded, however, in expanding the chromatophores in 
the crab U'^a with intermedin. The same result was also obtained by BtilKii:!: 
(1935) in the shrimp ^rangoji. But since the reactions of the chromatophore 
are reversed in crabs and shrimp, and in another shrimp such as Leander 
adspersu^, H (1937) was not able to find any expansion of the chroma- 

tophores under the influence of intermedin. Then B()TT(iHl\S result ought to be 
reinvestigated. 

There exists some evidence for an agreement in action and properties 
between intermedin imd the pigmentary hormone in Decapods, but of course there 
are some important differences. 

Now in the frog, intermedin and adrenaline act antagonistically, the former 
substance expanding, the latter contracting the melanophores. It is true that 
Kalmts (1938; did not observe any action of adrenaline on the chromatophores 

Thi^ rep)rt if a pari of the Herien of pap<?rF nubmittwl to the Faculty of Science, TAliokn 

Univernity, in partial fiiJtilnient of reqnirenicntH of the degree of Doctor of Science, March 

1948 . 
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of Astacus fluviatilis whose chromatophore reactions belon^^ to the same type as 
those in Leander adspersus. On the other hand, BEAr\'ALLET and VEIL (1934) 
stated that they have been able to expand the chromatophores in Palaemofi 
(Leander) squ ilia with adrenaline, and to contract them repeatedly with eye stalk 
extracts and a^ain expand them with adreanline in this same shrimp. Thus the 
eye stalk extracts of this animal acts in this instance antagonistically to adrena- 
line, which fact lends some support to the physiological comparison between the 
common crustacean eye stalk hormone and intermedin. ABRAMowITZ, A. A. 
and R.K. AbrAMoWITZ (1938) have tested the effect of sixteen different, 
chemically pure drujii upon both the normal and blinded crabs. The results 
were ineffective in causin^^ melanophore expansion of the crabs. 

As the facts mentioned above are conflicting, the present author has under- 
taken a reinvestigation of the subject. The work was carried out at the 
Biological Institute in Sendai at 1943. It was accomplished under the direction 
of Prof. Dr. S. NoMPUA to whom I am deeply grateful for kind guidances and 
suggestions. 


ICATERLAX AND METHOD 

By reason of its ready observation and the ease with whicJh it can be col- 
lected and cared for in the laboratory, Paratya rompressa (PK H\ w) was used 
as the material of present investigation. 

Twelve different, chemical drugs were injected into both normal and blinded 
animals. The water solution of those drugs of various concentrations was 
introduced into each of ten animals. A dose of 0 025cc. of each dnig was 

injected into the haemocoe<'al cavity of the shrimp from the lateral side of the 
third abdominal segment. 

Not only the occurrence of the change in the dermal chromatophore, but the 
behavior of the eye pigments were also investigated by the method of the section 
of the eye stalk after the lapse of 15 minutes of injection. The fixing and 
staining method of the eye section should be referred to the previous report 
(Report II, 1947). 


REsuirrs 

The action of twelve drugs upon the dermal chromatophore of the shrimp 
was summarised in the following Table I. 
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Table I 



Kffects (.f 
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n normal ami blindeil Hfirimpe. 


D,.ur 

(^)ncent“ 
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Blinded (.dark animah ) Noi nialClight animaln') 

1 C'linnnat4*phoro- i diromatoplioro - 

1 rsiS'^s,, cS.'u,.‘“S 
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- - 
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hydr. icliloride 
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Strychnine 
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Caffein 
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Nicotine 

9 
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9 

d(ntti) 
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ITinteriu* 
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Hypsiphorin’^* 

1 
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+ + A 


lQ-5 

deatl) 

, death 

alight effect; A ' 

Adrenaline 

, 10--* 

1 n - 6 

paral.NHiH 

hlight eUect(-f'^ paralyniK 

, ^ 1 

- - 


I0-‘ 

death 

- — j paralyniH 

1 

Acetylch' »)ine 

,0-. 

[laralyKiH 

alight effectC-f) 
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- -- 

... _ 
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No effect + + + C'>)iMiderable effect 

ilinteriii Medicanient of anterior l<^be of pituitary. Bankyo Co^ 

llyp>ph>riu ]V!edic ament of p^wterior lobe of pituitary. Bankyo Co. 


ilinterin Medicament of anterior l<^be of pituitary. Bankyo Co^ 

llyp>ph>rin Medicament of p^wterior lobe of pituitary. Bankyo Co. 


None of these drugs with the exception of hypophyseal hormone (Hinterin 
and Hypophorin ) produced definite, positive results in normal light specimens, and 
all had no effect upon the chromatophores in blinded dark specimens. These 
drugs have, therefore, no direct or indirect action on contracted or expanded 
(with two exceptions) chromatophores. We did not repeat the injection in 
normal animals during the night (nocturnal or pale phase in absolute darkness), 
although possibly some of these drugs may effect a release of the hormone from 
the chromatophorotropic gland such as sinus gland. 

Neither these drugs had effect upon the movement of the pigmentary system 
in the eye, with two exceptions. The two exceptions were in the case of 
adrenaline and acetylcholine. These drugs have affected the movement of 
the proximal pigment cells, so that the pigments migrated proximally in the 
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night dark eye (Fig, 1). Then they may be concluded as the nervous stimulant 
as if the light affected the proximal pigment. 



DISCUSSION AND CONCLUSION 

Adrenaline, practically universally, produces melanophore contraction in 
vertebrates in extremely small doses. ABRAMOWITZ and ABRAMOWITZ (1938) 
have stated that various drugs had no effect on the chromatophore in the fiddler 
crab, Uca pugilator. Strong doses produced usually death in animals. Only 
slight activity of adrenaline and acethylcholine was recognized in this experiment 
as regards the dermal chromatophore. 

But the hypophyseal hormone obtained from anterior or posterior lobes of 
vertebrates (Hinterin and Hypophorin) induced the remarkable expansion of the 
dermal chromatophore in this shrimp. This result may be also explained by the 
fact that the expansion of the chromatophore is caused by unfavorable condition 
of the animal. 

It has already been confirmed that the crustacean pigmentary hormone affects 
the chromatophores in vertebrates (KObLER and MeyeR, 1930; KROPP and 
Perkins, 1933; Nagano, 1943), and that the intermedin of vertebrates induces 
the expansion of the readily contracted chromatophore of Uca (ABRAMOWITZ, 
1936). But it must be noticed that any drug in my experiment can not induce 
the contraction of the chromatophore. That is to say, there is no drug that 
affects the chromatophore as the extract of the eye stalk. 

But, as the respondkig tissue in two different animals, vertebrates and crusta- 
ceans, are physiologically and anatomically different, it is not surprising that they 
react in different ways to the same substance. 

I shall pass to auiother subject. The mechanism involved in the control of 
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retinal pigment migration in crustaceans is not yet completely known. Recent 
studies on Palacmonctcs viilgaris by KLEINHOLZ 0936) present evidence for a 
humoral control of distal and reflecting pigment in the retina, but proximal 
pigment appears not to be affected by the same eye stalk extracts which activate 
^ the first two sets of pigments. In this point, my previous works (Report II, IV, 
1943, 194t^)have dealt with the matter in details. Then it will draw out attention 
that the proximal pigment in the shrimp eye was affected only by adrenaline 
and acetylcholine in this experiment. That is to say, it is possible to conclude 
that the proximal pigment is under neiwous control and other two retinal pigments 
are under hormonal control. 


SUMMARY 

1. Twelve different drugs were ineffective in causing the contraction of the 
dermal chromatophore in Paratya compressa (DE HaaN). 

2. The vertebrate hypophyseal hormone ( H interin and Hypophorin) induced 
considerable expansion of the chromatophore of this shrimp. 

3. The proximal pigment cells in the eye seems to be under nervous control 
by reas<m of its migration by adrenaline and acetylcholine ; distal and reflecting 
pigment cells seem to be under hormonal control. 
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STUDIES ON MARINE NON-COLORED FLAGELLATES, 
MONAS SP., FAVORITE FOOD OF LARVAE OF 
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Onag in^i Fixh'riAH Dih miforih Tofuka Uniiyrxltijy S’luhii, JajHiri, 
CReciMve<l AnpuKt 3!, 1949') 


INTRODUCTION 

It has been shown that the larvae of oyster and many other bivalves and 
also echinoderms can satisfactorily be reared with a culture of non-colored 
flagellate, presumably identified as Monas sp. (IMAI , T. and M. HATANAKA, 1949). 
This type of diet, as compared with colored algal diet, has advantages of 1) the 
readiness for preparing any am :)unt of culture in short time and of 2) the 
easiness of keeping the culture medium of larvae in favorable condition. Such 
advantages have brought the success of rearing larvae in small vessels without 
much trouble of changing sea water during culture. Futhermore this new 
principle of culture has been proved applicable to large scale propagation of 
oyster larvae in tanks (IMAI, T. and M. HATANAKA, 1944 ). 

During the spawning season of 1941, we succeeded in isolating the best fitted 
flagellate from the sea water of Mangoku-ura, a natural seed-oyster farm »ear 
our laboratory. We have chiefly used this strain, Monas sp. No. 34, for the 
culture experiments ever since. The culture method of Monas sp. applied to 
the larvae rearing experiment in last report was as follows : MiQUEL’s sea water 
was prepared and 2% of hay infusion was added. Then a few cc. of stock 
culture of Monas were inoculated. The culture flasks were kept in thermostat 
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;at 20‘'C. There occurred a rapid j^rowth of bacteria and then followed a rapid 
growth of Monas. In this culture medium Monas density often reached nearly 
half a million per cc. in a few days. So far, no critical examination was made 
on the nature of Monas growth and also on the nutritional requirements in 
culture medium. 

Series of experiments were made with the purpose of catching on the 
mechanism of Monas growth and of improving the culture method. Their results 
are to be given in this paper. Final aim of this research was to find out and 
settle the culture method which gave uniform high density of Monas in a medium 
harmless for larval growth. 

Ordinary fixatives could not be used for handling Monas as it was ready to 
collapse. In order to count the density of its population, LliGOL-eosin solution 
was satisfactory enough to use. Monas was readily stained and kept its shape 
properly for over 48 hours if treated with 5^10^%' of LUGOL-eosin solution. But 
with a lower concentration of it, we could make daily counting by the help of 
Thom A 's haemocytometer under the microscope. 

Occurrence of this kind of flagellates in natural sea water was rather astoni- 
shing. We counted from a few hundreds to several thousands of Monas in 
coastal waters. They were particularly abundant in brackish water and often 
reached a density as high as one tenth million per cc. of sea water. Significance 
of occurrence of protozoan fauna in sea water was suggested by LACKP2Y (1936). 
<Our ecological survey of natural seed-oyster farm of Mangoku-ura confirmed the 
important role played by Monas group in marine production (IMAI, T., M. 
HATANAKA and R. SATO, unpublished). This problem will be discussed in some 
other place . 

EXPERIMENTS. 

1. Use of Glucose as Organic Nutrient. 

As a culture medium of Monas, MiQUEI/s sea water with 2% of hay infusion 
was used (IMAI, T, and M. HATANAKA, 1949). Extract of eel-grass, Zosiera 
marina, and soil extract were also tried in place of hay infusion with various 
•degrees of success. In our study on culture medium, it was necessary to begin 
with finding out what is the essential element in hay infusion or in organic 
substances added. Main constituents of these plant organic matters which had 
direct influence on culture of Monas should be carbohydrates and proteins. In 
our experiences of larvae reajring, the culture medium with organic substances 
rich in protein content, particularly of animal origin, always gave negative results, 
.vPossibly due to the harmful effects of decomposition products of organic nitrogen. 
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Therefore, if was hoped to keep out of adding organic nitrogen in culture medium. 
Naturally our first effort was to find out whether we could substitute hay 
infusion with carbohydrate such as glucose. 

Sea water was taken from the surface of Onagawa Bay, in front of the 
laboratory and was Miquel ized according to the direction modified by AlLEN 
and Nelson (1910). Various amounts of glucose were added in 500 cc. flasks 
filled with the prepared sea water. Then a few dropvS of stock culture of Monas 
were inoculated. Culture flasks were kept in dark thermostat with constant 
temperature at 25®C. They were aerated by frequent shaking. The results of 
the experiments are shown in Table 1. 

TABLE 1. 


Growth of Monas in MiQUEI/s sea water enriched with different 
amounts of glucose. Incubation at 25 ®C. 


GlncoHe ad<h*d. 

Maxuiiuni population 
of pi'r cc. 

1 PerWl of lncubath)U 
in Dayn. 

0.*^ % 

OJ % 

0.01 % 

20,000 

10,000 

250,000 

1.688 than LOGO 

5 

5 

5 

5 


As is clear from Table T, Monas grew well in MiQUEL’s sea water enriched with 
0.01)>\< of glucose. Addition of more glucose rather had ill effects on culture. 
One reason for that seemed to be due to the oxygen defficiency as was supiwsed 
from the results shown by WAKSMAN et al. (1935). 

Beside glucose, cane sugar, maltose, and starch brought good results when 
they were added in quantity with equivalent carbon content. Addition of alcohols 
and pentose also gave positive result but the maximum population was much 
smaller than those mentioned above. Thus it has been proved that we can make 
a good culture of Monas in solutions enriched with known chemicals only and 
that we can use carbohydrate as sole organic nutrient. 

In order to compare the growth of Monas in solution with hay extract and 
that with glucose, the following experiment was made. MiQUEL's sea water was 
enriched with 2% hay infusion and 0.01^ of cane sugar respectively. They were 
inoculated with a few drops of stock Monas culture and were incubated at 15®C. 
and 25°C. respectively. Results of Monas growth are shown in Table 11. 
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TABLE II. 


Comparison of growth of Monas in culture media enriched 
with hay infusion and cane sugar. 


Ojganic I'huiclunrut. j 

Tcinr<'ratui(‘. 

j .vieximain JCopulaiiijji 

1 t)l‘ MmidH cc. 

Ut'iUKl of lacabatlou 
in Dayn. 

0 . 0 ]% CHIU' HUgUi- 

U/0. 

1 .22u,OCO 

3 

2^; hay inlCHioii 


440, OCX) 

3 

G.0l?o caiu‘ I’ugar 


860,000 

3 

2Vn hay iiifcHinii 


1 380,000 

3 


Culture medium enriched with 0.01 % cane sugar showed miKih better growth 
of Monas than that with 2%" hay infusion. It was already known (IMAI T and 
M. HATANAKA, 1949) that by adding more hiiy infusion we could have higher 
density of Monas up to one million per cc. Hut such high concentration of hay 
infusion had rather harmful effect on living larvae. Therefore, cane sugar is 
considered much better as organic enrichment than hay infusion. 

2. Requirements of Inorganic Nutritive Salts, 

In the foregoing experiments MiQUHl/s sea water was used thoroughly. Our 
second conceni was to prove the necessity of adding MlQUEL solution and further 
to follow out the esssential inorganic salts required for the culture of Monas. 
The results of exj^eriments in Table III show clearly the necessity of adding 
MIQIJEL solution to culture medium. llERBST’s artificial sea water was prepared, 
and the* growth of Monas population was followed in the media with or without 
MlQUEL solution. For the preparation of HeRBST’s artificial sea water, 26.3 g. 
of sodium chloride, 0 7 g. of potassium chloride, 11.93 g. of magnesium sulphate, 
1.508 g. of calcium chloride and 0.45 g of sodium bicarbonate were added to 1 
litre of distilled water. 


TABLE III. 

Growth of Monas in artificial sea water with or without enrichment 
of MlQUEL solution, at 25''C. 


T*)rg:auic Nvitrlenla- 1 

Inorganic ?sutrientH | 

MHxrmnm t*«>y>itHit!on 

of MiiluiH pi'r cc. 

Fenottot Incnbatuni 
in Days 

1 % hay infiiHion 

— 

140,000 

4 

1 % B*)il extract 


75,000 

3 

2 % w)il extra(^ 


170,000 

3 

0.0 f % cane miffar 

— 

80,000 

4 

OjOl % cane Hugar 

MiUCKL Hulutioll 1 

722,000 

s 


It is clear from the Table that Monas grew in the artificial sea water enriched 
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only with or(a:anic nutrients but the maximum population was not comparable^ 
with the culture in which both of orRunic nutrients and MIQUEL solution were 
added. It may be concluded then tlrat besides organic nutrients a minute quan- 
tity of inorganic nutrients is essential for the growth of Monas. 

Miquel'c sea water was originally formulated for the purpose of diatom 
culture. After knowing its necessity as Inorganic nutrients, it was asked how 
essential each inorganic salt was for Monas culture. In order to make this 
point clear, another set of experiment was carried out. Kind and amount of 
inorganic salts added are shown in Table IV with the results of population 
growth of Monas. As an organic nutrient, 0.01 uf glucose was added through- 
out. They were incubated at 25®C. 

TABLE IV. 


Growth of Monas in natural sea water enriched with 0.01 % of 
glucose and different combinations of inorganic salts, contained 
in MiQdEL solution. Incubation at 25 °C. 


Inorganic ad<I(‘(l. I 

i iMaxtinum i'opulgtioii i 

of Mo'iiay p<‘r cc- ! 

Period of iikcubatioii 
in Dayf< 

0.04 % potftwium nitrato. j 

^ 40,000 

4 

0.005 % mxliuni phoHpliato- 

10,000 

4 

0.04 % p)laj^iuin nitraU* A 

j 


0,0C5 HiHliuni pi’oHphatc. 

310,000 

1 4 

1 

0.C4 pitpHHiuni nitrato, 

0,005 % ff^Kliuin ph<>f<phato & 
0.005 % calcium chloride. 

710,000 

4 

0.04 % p»1aHHium nitrate, j 

0.005 H»>diuni phoHphate, j 

0.005 % calciiun chloride Sc 
0.0075 % ferric chlorid(‘. 

290.000 

4 

Standard Anumivt of Miquet. 



S’olutioii. 

440,000 

4 


Both pK)tassium nitrate and sodium phosphate, if added separately, could not 
give so much effect on the growth of Monas. But when added together, they 
brought about good results. Addition of calcium chloride was likely to improve- 
the culture medium, but ferric chloride showed no beneficial effect on it so far. 
The result of this experiment indicates that at least nitrate, phosphate and 
calcium salts are essential as additional inorganic nutrients for the 
of Monas. 
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It was expected that nitrate, as nitrogen source, could be substituted by 
ammonium salt, and it ^\as proved clearly by following experiment. Sea water 
was enriched with 0.01 ^ cane sugar. 

TABLE V. 


Growth of Monas in v^ea water enriched with 0.01 % cane sugar 
and ammonium salts. Incubation at 25*^0. 


liv»rgani(! Saltn addtvl. 

Maxinaiiu t^>palan(kn 
<if }i.(nintmer oc. 

1 rerUKl of liicubalion 

1 ill I)a\H 

0.01 % animoiiium chloride 

0.005 % mdiiim phonpiintr* 

645^ 

1 

1 4 

[ 

0.015 % amtn<*iiiuin phonphato 

500,^0 

! 


It is Understood from the result that inorganic nitrogen can be supplied in either 
form of nitrate or ammonium salts. It was further shown that ammonium 
phosphate could be used as nitrogen and phosphorus sources. 

So far the requirements of inorganic nutrients in Monas culture were analysed 
and it was proved that MiQUEL solution is a fairly good combination of inorganic 
nutrients essential for the growth of Monas. It was still left unsolved that what 
would be the most suitable concentration of these inorganic salts for the optimum 
growth of Monas. In order to solve this problem following experiment was 
planned. Sea water was diluted with twice as much volume of fresh water to 
give optimum salinity for culture as will be referred to later. It was then 
enriched with different amounts of MiQUEL solution and 0.01 % cane sugar. 
Inoculated with a few drops of stock culture, it was incubated at 25 “C. 

TABLE VI. 

Effects of concentration of inorganic nutrients on the growth of 
Monas, in 30 5)^ sea water with 0.01^ of cane sugar. Incubation 
at 25 ‘'C. Concentration of inorganic nutrients are expressed in 


unit of MiQUEL solution added for standard MiQUEL's sea water. 


Amount of Miqukl SoJutum. 

Maxiauim i'opulatiou 
nf Aft/TffM per cc. 

reruxi or Incubation 
in Daya. 



— 

1 

20/XX) 

2 

1/200 of aland srd 

unit 

440,000 

4 

1/40 

# 

0 

9 

770,000 

4 

1/20 

f 

9 

9 

770,000 

4 

l/IO 

f 

r 

9 

580/X)0 

4 

'/4 

9 

9 

9 \ 

740 AX) 


1/2 

f 

9 

9 

630 AX) 

4 

1 

f 

9 

9 

6 10 AX 

4 
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It can be said from the result obtained that we can diminish the amount of 
inorganic nutrients as low as to 2.5% of the standard MiQUEL's sea water 
without any indication of inorganic deficiency. 

3. Optimum Salinity of Culture Medium. 

In order to find the optimum salinity for Monas culture, culture media with 
different salinity were prepared by mixing the concentrated sea water, evaporated 
at low temp)erature, natural sea water and fresh water They were enriched 
with 0,01*^ cane sugar and 1/40 unit of MIQUEL solution, inoculated with a few 
drops of stock culture of Monas and incubated at 25‘^C. 

TABLE VIL 


Effect of salinity on Monas growth. Enriched with 0:01 % of cane 
sugar and 1/40 unit of MlQUEL solution. Incubation at 25®C. 


Percent of 8t‘a Water. 

1 Chlorinity. (’1. %o. 

JVIaximiiiu Population of Mnui^ pto- cc. 

10 

1.81 

:i3o,ooo 

30 

^.40 

640^00 

30 1 

y.03 

470,000 

80 

1 14.48 

27i.\0(X) 

loo 

18.13 

220,000 

110 

2cro 

34C),0C'0 

140 

23.0.') 

1 ! 

370,000 


The result of experiment shows that Monas can grow well in wide range of* 
salinity condition. However, the optimum vsalinity for its growth seems to be in 
the diluted sea water between 30-50 per cent natural sea water. 


4. Optimum Temperature Condiiion for Monas Culture. 

MIQUEL’s sea water enriched with 0.01 % of cane sugar was inoculated with 
a few drops of Monas culture and was incubated under various temperature 
conditions 

TABLE VIIL 


Growth of Monas under different temperature conditions, in 
MiQUEL's sea water enriched with 0.01,9^ of cane sugar. 


Temperature T. 

Maximum p>pulaiioJi 
of per cc. 

renod of Incubaiion 
in Daya. 

30 029^32) 

50,000 

6 

25 C24 -26) 

860,000 

4 

20 

1,08:', 000 

7 

15 CH-170 

1,230,000 

6 

10 C 8-13) 

127,000 

7 

5 C 2- 60 

20XXX) i 

11 



CULTUUAL REQUIREMENT OF VX VGI^LTATKS. 


311 


•Orowth of Monas vv^nt on well at tempwiratures between 10-25^C. of which the 
best was at 15-20°C. As for heat resistance, it was found that Monas was killed 
when exposed to temperature as high as 40*^0. for ten minutes. 

5. Mode of Monas Growth, with Reference to Its Relation to Bacterial Growth, 

We have described the results of the experiments carried out for improving 
the method of Monas culture. Now we would like to see how the Monas grows 
in the culture medium. A typical example of its population growth is summa- 
rized in Table IX. 

TABLE IX. 

Population growth of Monas in MiQUEL's sea water enriched with 


0.01 % of cane sugar. Incubation at 15^C. 


CrriifU (il Incubaiioii 
ill DavH 

1 Number o) Mohiik 

1 in ),noo nor cc. 

P'll uf (Uiliure Metliiini. 

0 

l.S 

8. IS 

2 

20 

8.05 

3 

->0 

8.05 

4 

8/0 

8.10 

5 

),20>0 

8.10 

t> 


8.10 

7 

1,174 

8.20 

9 


8.:^ 


In first few days of incubation there ioccurred a rapid growth of bacteria, which 
was succeeded by a rapid growth of Monas swn afterward Population peak 
was reached on the 5th day and lasted for a few days. As bacterial decompo- 
sition of organic vsubstance proceeded, pH of culture medium decreased but soon 
recovered again. 

Monas is supposed to be a holozoic protozoa so that its development is 
necessarily supported by existence of bacterial population. In another experiment 
we fed Monas with bacteria which had been cooked by heat and washed in 
sterilized sea water, but no dif^rence was observed in the mode of its growth. 
Such evidence seems to indicate that though Monas might have also a saprophytic 
mode of nutrition, such mode is by no means as important as holozoic one. 

Body size of Monas showed changes in the course of culture. In early period 
of incubation, Monas grew up by ingCsSting a large amount of bacteria and 
reached beyond 10 /x in length, but as the population increased by binary fission 
it began to reduce its size until it got to the length as small as 2 ^ after the 
population peak had passed. 

In the foregoing experiment, no critical consideration had ever been made 
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as to the type of bacteria grown in the culture. As Monas feeds on bacteria it 
should be worthwhile to see if this flagellate has any preference on the kind of 
bacteria or not. Test was made as is shown in Table X. Eleven strains of 
known forms of bacteria and nine unidentified strains, isolated from sea water, 
/had been cultured on bouillon agar slant. Dense suspension of bacteria was 
prepared by putting 5 of 4 mm. loopful bacteria in 50 cc. of 30^^ sea water, and 
then Monas was inoculated. 

TABLE X. 


Growth of Monas in dense suspension of single strain of various 
bacteria. Incubation at 25°C. 



]5act('ria 



Maximuni ropulatioti oi Mondx 
in I.OCO per cc. 




3,520 

Bactemim 

flmyretireii)* 



2,500 

BafteriiDn 

roh Xo. 1 



4,780 

9 

^ No. 2 



3,i:V3 

9 

^ No. 



3,080 

Bacieriii/n 

prot^uA 52 



4,120 

9 

^ 80 



4,450 

9 

^ 81 



3,330 

9 

^ 09 



4,570 

9 

9 101 



3,230 

Bart rri urn 




, 3,860 

Httctcria 

i»)lalo<l from k 

‘a water No. 

I 

1,750 

9 

9 

N<*. 

2 

2,640 

9 

9 

No. 

3 

5,220 

9 

9 

No. 

4 

3,360 

9 

9 

No. 

5 

3,610 

9 

9 

No. 

6 

5,010 

9 

9 

No. 

7 

3,390 

9 

9 

No, 

.8 

1,130 

9 

9 

No. 

9 

2,090 


Though there was observed slight variations in maximum population of Monas, it 
can be said that all of these bacteria are suitable for Monas culture. Therefore, 
we are of the opinion that we can depend on any common bacteria which 
multiply well in oUr culture media for Monas culture. It was also proved in this 
experiment that we could get hi^^ier density of Monas with higher density of 
bacteria. For the purpose of rearing larvae the Use of such dense suspension of 
bacteria is suggested as ideal if it is not much troublesome. 
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DIS0XJB8I0N AND CONCLUSION 

In this study, we made an analysis on the cultural requirements of marine 
fla^?elIate, Monas sp., which was the favorite food organism for larvae of lamelli- 
branchs and echinoderms. As a culture medium of it. we originally used the 
MIQUEI/s sea water enriched with 2% of hay infusion. Therefore we took up 
this medium as a start for analysis of the essential elements necessary for the 
growth of Monas. Our final aim was to find the optimum conditions for Monas 
culture which is also favorable for feeding larvae. 

From the results obtained, we may conclude that good culture of Monos could 
be obtained in sea water when small amount of glucose or any other carbohydrate 
was added as a sole organic compound. But at such addition of carbohydrate, 
enrichment of inorganic nitrogen in the form of nitrate or ammonia as well as 
phosphorus in sUch form as 8(xiium phosphate was also required. Addition of 
calcium chloride was found effective in promoting the growth of Monas. Eiene- 
ficial effect of ferric chloride was not confirmed yet. Optimum condition for 
Monas culture can be summarized as follows 

Salinity in Cl.^: about 3(V>50)^ sea water. 

Glucose About lOD mgm/L. 

Potassium nitrate 40-400 mgm/L. 

Sodium phosphate 5-50 mgm/L. 

Calcium chloride 5-50 mgm/L. 

Temperature of Incubation 15-20®C, 

Using this culture medium we could obtain a uniformly dense population of 
Monas often as high as over a million per cc. As to certain irregularities in 
Monas growth observed among the results of various experiments, we are of the 
opinion that they were possibly due to the difference in quality and quantity of 
organic matter in sea water, sampled on different occasions. 

During incubation there occurred a rapid development of bacteria, then 
followed the development of Monas, As Monas fed on bacteria, its density had 
intimate relation with the density of bacterial population as supposed from the 
results shown in Table X. Accordingly, it can readily be understood that the 
cultural requirement of Monas is in tUm in close connection with that of bacte- 
rial developmcait. As a matter of fact, the culture medium which we confirmed 
to be favorable, has the similar constituents to the medium frequently used for 
the culture of marine bacteria. Bacterial action of decomposing organic matter 
in sea water on adding glucose has thoroughly been studied. We can cite the 
Works of WAKSMAN (1935), ZoBell (1941) and many others. In the present 
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study no critical examination was made as to the bacterial activity itself. But 
from the bacteriological studies just referred to and also from oUr own observa- 
tions, mechanism of Monas growth can be explained. In the culture, bacteria 
develop very rapidly taking glucose as energy source of activity and carbon 
BoUrce for building cells. Both nitrate and phosphate are then Used as nitrogen 
and phosphorus sources for building cells. It is out of question that the organic 
matter and the inorganic nutrients contained in natural sea water also take part 
in this process of organic decomposition and becterial synthesis. The bacteria 
thus multiplied, in turn, are ingested by Monas, and give rise to the growth of 
its population. 

Knowing that Monas feeds on bacteria, there occurs an impijrtant question 
as to the comparable food value of bacteria and Monas as diet of larvae of 
marine animals. That is the question whether the food value of bacteria Is 
improved by being transferred to Monas or not. We may present here some 
facts introducing a light on this problem. In feeding experiment we found that 
bacteria themselves were not a suitable food for larvae. As fo<xls are collected 
by current caused by ciliary movement, no selection of bacteria or Monas can be 
considered. Examining under the microscope, we noticed plenty of small 
.particles, presumably bacterial cells, rotating inside of larval stomach, but, strange 
to say, no flagellate in good shape W'as folind there. It was due to the fact that 
Monas collapsed soon after they had been taken in through the gut. This can 
be demonstrated beautifully by feeding larvae with Monas stained by neutral red. 
Such evidence seems to indicate that transformation of bacteria into Monas 
increases the readiness in digestion for larvae if there is no addition in its 
chemical food value. Similar evidence was also noticed in the culture experi- 
ments of water fleas, Moina macrocopa, on bacterial and flagellate diets (IMAI, 
T. and R. SATO, 1949). On adding flagellates to bacterial diet, Moina increased 
the rate of development, production of youngs and duration of life span. 

Final aim of the study on Monas culture is to obtain uniform high density 
of food organism in the culture medium which has no ill effect on larval life. 
Culture condition, we reached in this study, seems to be fairly satisfactory for 
4arvae rearing. But there remains many problems left for future studies, 
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INTRODUCTION 

Jtid^ng from the value of the respiratory quotient, NEEDHAM (1931, ’ 32, ’ 33 
& ' 42) holds a view that carbohydrate metabolism is intimately associated with 
earlier developmental stages in various kinds of animals. He asserts also that 
in later stages protein and fat are utilized successively as energy sources of 
development of animals. Recently, on the other hand, OhMAN (1940, ' 45) studied 
the respiratory metabolism of sea-urchin eggs, and found that fat was consumed 
during the earlier stage in development. 

The summer egg of the daphnid is centrolecithal and the segmentation is 
superficial. As the development proceeds, the egg yolk is absorbed gradually 
but more rapidly on the ventral side than on the dorsal one. In newly released 
young, the yolk is absorbed almost entirely, and only a small amount remains on 
the dorsal side of the body. Changes in the value of respiratory quotient of 
embryo may, therefore, be expected with consumption of the yolk material. The 
present study deals with the changes in respiratory quotient during the embryonic 
development of Simocepkalus vetulus. 

The author wishes here to express his siiKere thanks to Prof. ShicHIROKU 
Nomura for his kind guidance and valuable criticisms for this study. He is 
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also indebted to Prof. ISAO MOTOMURA, Dr. GUN.II TOMITA, Dr. TameTAKE 
Nagano and Dr. KATSUHIRO OkADA for their kind suggestions. 

MATERIAL AND METHOD 

The daphnids were caught in the aquarium of the Institute. The eggs were 
removed from the brood chamber of the mother with two dissecting needles 
under the microscope. The transparency of the carapace enables us easily to 
observe the developmental process of embryos in the brood chamber. At room 
temperatures (20° C. --25'' C. ), the embryo enters the nauplius stage, bursting the 
egg membrane, about eighteen hours after the deposition in the brood chamber. 
This membrane is tough. It bursts and breaks into elongate pieces, auid are often 
found in the brood chamber together with the embryos which are to enter the 
nauplius stage (Fig. 1, b). Hatching takes place when the embryo moults the 
nauplius-membrane about thirty-^ight hours after the deposition. The membrane 
is soft, thin and somewhat flexible (Fig. 1, d). In connection with this membrane, 



Fig.^h Devel(»pxneul of ;SVm validun, 

a. Gaetrula Cside view). d. Moviltiug uf tlu* iianpliut? membrane. 

b. BurHting of tl^ egg' inonibrane. e. Ilatclied embryo Cnide view). 

c. NaupliuH (dornal view). f. Released young (side view.\ 
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it may be mentioned here that the existence of a "pre natal molt’" was discussed 
by OBRESHKOVE and FRASER (1940) in some Daphnia, The embryo thus hatched 
is more or less motile, and yet stays in the brood chamber for about ten hours. 
The embryos are then released and become free-swimmers (Ist instar young), 
fifty hours after the deposition. 

The developmental process above mentioned could be traced more clearly in 
the eggs cultured in glass vessels with sterilized pond water than in the eggs 
developing in the brood chamber. The eggs thus cultured in vitro grow as fully, 
in almost the same period of time, as the ones developing in the brood chamber 
of the mother. 

The measurement of respiratory quotient (R.Q.) was made on the four 
stages of development : gastrula, nauplius, hatched embryo and released young 
(Fig. 1; a, c. e and f). The embryological data are also given in Table 1. 

For the measurement of the respiration, NOMURA's modification of THIIN- 
BERG's micro-respirometer was employed. The capacity of the respiratory 
chamber was 1.50 cubic centimeters, in which a small glass dish with capacity 
of about 0.1 cubic caitimeters was supported on a tripod attached to the former. 
The volume of the capillary was 1.76 cubic millimeters per centimeter of the 
scale. The respirometer was placed, without shaking, in the thermostat regulated 
at 27®C. ± 0.005. Before measurement, usually ten miuutes should have been 
allowed for the establishment of the temperature equilibrium of the respirometer. 
The shift of the index drop in the respirometer capillary was read every ten 
minutes during the experiment by means of a holizontal microscope with ocular 
micrometer. The movement of the index drop was observed to be uniform and 
regular for several hours. After each measurement, the eggs or embryos were 
examined microscopically and no appreciable changes during the experiment 
were found. 

For the determination of oxygen consumption, 0.3 cc. of sodium hydroxide 
solution (2%) were put in the respiratory chamber to absorb carbon dioxide 
produced. The shift of the index drop in the capillary indicated the half 
volume of oxygen consumed actually by the animals, because the reduction in 
oxygen pressure in the chamber containing the animals was equally shared by 
the two chambers. In every measurement, ten eggs or embryos from the same 
brood were placed in the dish with 0.05 cc. of sterilized pond water. For the 
measurement of czirbon dioxide production, ten different eggs or embryos of 
the same stage were used, and the respiration was allowed to proceed in the 
respirometer chamlw without the sodium hydroxide solution. Then the shift 
of the index drop showed the difference of the volume of oxygen consumed and 
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that of cart)on dioxide produced. This value and the volume of oxygen consumesd' 
gave the volume of carbon dioxide produced. In measuring carbon dioxide 
production, 0.3 cc. of distilled water or the same volume of 5^^ sulphuric ackf 
solution was placed in the respiratory chamber, instead of 0.3 cc. of sodium 
hydroxide solution. The movement of the index drop did not differ in both cases, 
during the preliminary experiment, but the water in the glass dish containing the 
eggs or embryos tended to evaporate when sulphuric acid solution was used. In 
the experiments, of which the results were reported here, 0.3 cc of distilled 
water were used. 

In calculating the volume of the gases, corrections were made for the water 
vapour tension and temperature. Respiratory data given in Table 1 were the 
average value of nine measurements. The present study was carried out from 
July to September 1948. 

EXPERimEKT AND EBSXJLT 

The result of the experiment shows that the rates of oxygen consumption 
and carbon dioxide pnxiuction per embryo per hour gradually increase. The rate 
of oxygen consumption of the released young (1st instar young) per individual 
per hour is 0.115 mm\ and this value is in accord with the results obtained in 
experiments on the effect of temperature upon the oxygen consumption of the 
young of the same stage (paper in preparation). 

a) Value of respiratory quotient. The respiratory quotient also increases 
gradually ; 0.74 in gastrula, 0.80 in nauplius, 0.88 in hatched embryo and 0.99 in 
released young. This suggests that the energy source of development is mainly 
fat. in gastrula, with participation of protein or carbohydrate in some degree. 

Table 1. 


Changes in R.Q. in course of development of Simocephalus, 
For the details, see the text. 


PericKl 

1 ! 

2 

3 

4 

atsKc 

GaHtrnla 

NauphuH 

llatchtHl embryo | 
(ill bnMwl chamber; 

lieleaHt^d yoiuig 
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0.240 

0.342 

0.458 

1 0.624 

1 

lloura after ogg ilcpmitiiai 

10- 12 

24 28 ; 

42 -45 1 

1 

55-60 

Oa O)ii«uB0ptlon' rnnQ®J ptM- 
embryo, per hr. 

0.019 

0.041 

0.046 

0.1 !4 
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embryo, per hr. 

0.004 

, 0.008 

0.007 

0.001 

COi-prodiiction per 

embryo, per hr, 1 

0.014 

0.033 

1 

0.049 

1 

0.114 

u . q . 

0.74 

0.80 

0.88 

0.99 
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In the nauplius stai?e, the dominance of fat decreases and protein or carbo- 
hydrate increases the importance. In hatched embryo, the R.Q. is 0.88 and the 
T61e of carbohydrate as energy source is evident. In released young, it is 
obvious that carbohydrate plays the principal role of energy supply. 

b) Relative respiratory rate. The relative respiratory rates were expressed 
as the volume of oxygen consumed and cabon dioxide produced per unit body 
volume, which was assumed as the cube of the body length. The rate in gastrula 
was taken as 100 per cent. Table 2 givei> the results of the relative respiratory 
rates of the daphnid in course of the development. 


Table 2. 

Relative respiratory rates of Simocephalus in development. 



Gantruia 

Ntin pliuH 

ilatchiHl 

embrvo 

keiea.st,il 

voumr 


0.240 

0.352 

0.458 

0.624 

Cube <»1‘ b(Kly leucrth 

0.014 

0.044 


0 243 

embryo, p<.M- hi. 

0.019 

0.C4I 

0.056 

0.II5 

Oa coneumptioJi per unit 
bidy Volume* 

1,375 

0.«32 

0.583 

;;.432 

Relative rate of 
0/'Con«umpti()ii (^0 

]a).o 

I 98,7 

1 

43.0 

31.9 

COa-pnxluction (iiiin^) p<o 
embryn, per hr. 

0.014 

0.033 

I 

0.049 1 

1 

0.1 14 

CeV- production per unit 
boily Volume 

1.000 

0.750 

1 

0.519 ! 

1 

0.469 

RtMative rate of 

COa- product ion 

100.0 

75.0 

51.0 ! 

46,9 


The decrease in the relative respiratory rates continues with advance of the 
development. But the level of the rate of oxygen consumption falls more rapidly 
than that of carbon dioxide production. This is evidenced also in the increase 
of the respiratory quotient. In the previous report studied on the oxygen 
consumption of Simocephalus in the development until 10th instar, we pointed out 
that the egg must have showed a higher metabolic activity than the animals of 
the later stages (HOSHI, 1949). This supposition was vsupported evidently by the 
results obtained here. 

DISCUSSION AND CONCLUSION 

In embryos of various animals Fundulus CAMBERSON and ARMSTRONG, 

1933), Melanoplus (BOELL, 1935) and Urechis (HOROWITZ, 1940) — -the changes 
of R.Q. indicated that carbohydrate was the principal energy source in the early 
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development, in agreement with Needham's view. Attention is called, however, 
to the remarkable case where BRACKET (1934) found that the R.Q. at the 
segmentation stage in Rana fusca was about 0.7, whereas it approached unity 
during the gastrulation. He (1936) also observed further that the average value 
of R.Q. of the dorsal lip wiis 1.10 while that of the ventral part was 0.77. 
Employing a Cartesian diver BOELL ei at. (19383 found also similar changes in 
amphibian embryos. 

In unfertilized eggs of sea urchin the value of R.Q. remained to be 1 00 or a 
little higher, but it fell greatly after fertilization (BOREI, 1934, '49). LINDAHL 
(1939) suggested that the respiration in early stage of Paracenlrotus embryo must 
have been closely associate:! with the fat metabolism, followed by an increasing 
breakdown of carbohydrate. This view was supported by the results of OhmAN 
(1940), which showed that the R.Q. was 0.73 and 0 85 respectively at the two 
stages of 1 to 2 hours and 7 to 8 hours after fertilization. These findings were 
ascertained by his further studies which indicated that the total Hqid contents by 
chemical analysis decreased gradually during 7 hours after fertilization (OhmAN, 
1945). 

The results of studies by BRACKET. LINDAHL and OhmAN, above mentioned, 
are opposed to NeedHAM’s view, and indicate the utilization of fat in the 
earlier stages and of carbohydrate in the later stages of development. The 
results of the present work also add a new case which is in disaccord with 
Needham’s view. 

WEISMANN (1877) and also BiRGE (1918) held that the embryos were nouri- 
vshed by mother in the bro<xi chamber in which ithey were developing. The 
summer eggs of Simocephalus, in the brood chamber, absorb the yolk material 
gradually as the development proceeds (Fig. 1). The eggs cultured in vitro also 
develop and grow fully utilizing the yolk material, which suffices the development 
of the embryo to the free-swimming stage. RammneR (1933) and ObReSHKOVE 
and Fraser (1940) observed similar facts as the present results. 

The clear cytoplasm of periphery of gastrula was found invaginated on one 
side of the embryo (Fig. 1, a). This process was clearly observed by the brief 
histological test. BoUIN's fluid or ten per cent formalin was employed in the 
fixation. Sections were cut ten ^ in thickness. Most of these sections were 
stained with HEIDENHAIN’s hematoxylin eosin as usual. The results revealed 
that the invzigiiiation occurred at the prospective oral aperture on the ventral 
side. The cleavage of the egg was evidently found superficial. These findings 
are in agreement with the results reported by many workers in various kinds 
of the dephnids (DOHRN 1870; CLAUS 1876; GROBBEN 1879; WEISMANN and 
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ISHIKAWA 1887; LEBEDINSKY 1891 ; Kt^HN 1908 and LUMER 1987). 

In the center of the egy;, a large oil drop is found (Fig. 1, a). The behavior^ 
of it will be studied in near future. 

SIEBOLAJEIY 

(1) Respiratory quotients in the developing embryos of Simocephalus v^uius 
were measured at four stages, employing NOMURA's modification of THUNBERG^s 
micro-respirometer. ' 

(2) The value of R.Q. was 0.74 and 0.80 in the gastrula and in the nauplius 
stage respectively. 

(3) The hatched embryo in the brood chamber showed the R.Q. of 0.88, 
which became 0.99 in released young (free-swimmer). 

(4) The changes in R.Q. during development, are closely associated with the 
absorption of the yolk material stored in the embryo, and suggest that fat plays 
the principal r61e as the energy source in the earlier stages of development, 
and carbohydrate in the later stages. 

(5) The invagination of gastrula takes place at the prospective oral aperture 
on the ventral side. The cleavage of the egg is superficial. 
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INTRODUCTION 

The rice leaf -minor, Agromyza oryzella MatSUMURA, is one of the most! 
serious insect pests which injure the rice plant; it is distributed in the western 
half of Hokkaido, the j2:reater part of Northeast Honshu and the Hokuriku distnct. 
The said insect attacks the rice plants, mining in the mesophyll of leaves and" 
app)ears two times during the growing period of the rice plant, viz., the first‘ 
generation in the nursery and the second in the paddy field. 

In the present paper the relation between the population density of the said’ 
insect and its environmental meteorological conditions is dealt with. 

The writer is much indebted to the late Prof. SANJI HoZAWA for his many 
valuable advices and criticisms during the course of the present investigation. 
The writer is also grateful to Mr.HlROHARU YUASA, director of the* Entomolo- 
gical Section of the Government Agricultural Experiment Station, for valuable 
suggest ions . 

UOCAX TYPES OF THE POPULATION DENSITY OF THE LEAF NOCNOB. 

The experiments were conducted at Akita in Akita Prefecture, Tateokaancf 

f) The remiltH nf the preMeiit Htndy waw rep>rted in detail in Japanese in ** Journal the* 
]Sati<»n8l Agricultural Experiment Station", Vol. 4 , No. I, 11)48. 
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Fujishima in Yamagata Prefecture and Kurobe, Toyama and Tonami in Toyama 
Prefecture. 

The larvae belonion^; to the first generation of this insect grow in the nursery 
attacking the leaves of the seedlings, and the second generation api>ears thereafter 
in the paddy field injuring the growing young plants. Thus the environmental 
conditions in the first and second generations of this fly are different. Therefore 
the population density of the 1st generation obtained in the nursery and that in 
the paddy field are not to be discussed biologically from the same point of view. 

In the present experiments, therefore, the population density of the Ist and 
2nd generation was measured in the especially prepared paddy fields of direct 


sown rice. 



Fig. 1. Seao iial prevalence of lUie pipulgt ion 
density in the rice leaf-mint r observed 
at **eversl placoH in HttnshO; represented 
by the number of larvae found in, 
leaven of 20 glumpe (rf rice planta. 


Two types of population density 
were recognized in this study (Fig. 1). 

I. Population density of the 1st genera- 
tion,/.^. the number of larvae, exceeds 
that of the 2nd generation. This is 
seen typically at Fujishima in Yama- 
gata Prefecture. 

II. The 2nd generation exceeds the 1st 
in population. This is observed at 
Akita Prefecture. 

Thus the further investigations 
were conducted at the two represen- 
tative localities. Fujishima and Akita 
above mentioned. 

At Akita contrary to Fujishima, 
the larvae belonging to the 2nd genera- 
tion are markedly more numerous than 
those belonging to the 1st. Concerning 
the 2nd generation, the environmntal 
resistance for the minor is not strict 
at Akita, but is severe at Fujishima. 
The number of larvae per one stump 
of the rice plant is 25-30 at Akita, but 
only 20 or so at Fujishima, and while 
the mortality is only 24 per cent at 
Akita, but it runs up to 52 per cent at 
Fujishima. 
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THS B^mROmnilTAL. T3UIUCO HTOM BXM^XXON 
KBABimSD AT TWO LOCALiriES 

The air temperature and the relative humidity were Jmeasured by ASMAN's 
:p8ychrcMneter during the period of the emergwce of this leaf-minor. 

It was concluded that the thermo-hygro relation of the enviixmmcntal condi- 
tions is similar in the said two localities, and thus it seems that the therm )- 
hygro relation is not so important in the control of the fx^jHilation density of 
the leaf-minor. 

It is recognized from this experiment that the environmental temperature 
is fairly low at Akita, and consequently, the environmental temperature must be 
investigated to clarify the limiting factor of the population density of the said 
insect. 


THE TEilPBKATaRE LIMIT OF ACTIVITY OF THE LEAF -MINOR 

The exp)eriment8 were conducted at the temperature rising at the rate of l^'C 
in every 4 minutes using adult flies and mature larvae belonging to the 1st and 
2nd g^erations (MOTOMURA, 1936; Kat6, 1938). 

Here, no significant difference was statistical recognized between the data 
obtained from the 1st and 2nd generations, or from the data obtained at Akita 
and at Fujishima; the results are tabulated below. 

Table 1. Fiducial range of mean value of temperature, at which various 


conditions of activity are shown (Reliability 95^^^). 


(\)ji(liti<>u of Hclivity 

Flien 

I 1 

Larvae 

Slight m.»voinent 

7.a-10.4°(' 1 

4,4-^.6‘*r. 

oil feet 

9.1 12.8 

— 

( -ra-,1 liiig 

lo.2 17.2 

12.'-^ 16.8 

Normal activity 

1 

17.2-20.1 


1 9.8- 1 9.9 

■ ~~ 

NervouH 

29,0-30.2 

1 26.4-31.4 

Falling ( heat parulywiM) 

34.6-46.7 

33.1-40.1 

Deatli 

40.9-46.7 

42.4-46.5 


The optimum zone of activity is in the range from 16 5 to30.0®C. Therefore, 
normal activity is not observed below 15® nor above 30®C, and the flying begins 
at about 20®C. 

In the case of the larval activity, the resistance of the temperature is observed 
below 14® and above 29®C. It seems therefore that the optimum temperature 
zone of activity of this insect is between 20® and 25 ®C, and consequently it is 



JXlOr/)Gl<JAL INVESTIG ATION THE KU’K LEAF-MINOU 


327 


•conceiv^le that the said insect is adaptable to a fairly low temperature envir- 
onment. 


nCBO CLIMATIC XNVXRONMBNT OF THE LSAF-MINOR 

The daily progress of the temperature in the mesoi^yll of the leaves in 
which the larva^ of flies live, and of the leaf surface temperature and also of the 



Fij?, 2. The diunuil chwige td the temperature in the ineH»>phyll v>f the leaver in 
which the larvae live, «>f the loaf Hurface temporaitire aiwl of the air lempt'rature 
adjacent to the leaf nurface; lenp'Ui i>f bar^hoWH tlie fluctuating range in tempem- 
ture. 
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air temperattire adjacent to the lea? surface were measured by thermocouples- 
CFis?,2). 

At Akita, the temperature of the mesophyll is generally almost equal to the 

temperature of both leaf surface and air, 
but it is 1“C. or so higher than the other 
two only in the period fi*om 10 a.m. to 4 
p.m. At Fujishima, however, the leaf 
temperature is 1°C. or more higher than 
the other two already at 6 a.m. and 2°C^ 
or more higher in the period from 10 a. m 
to 4 p.m. The phenomena above mentioned 
can be correlated to the diurnal rhythm 
of the macro-climatic conditions of the 
two localities (Fig. 3). 

At Akita the morning calm is observed 
and the haze in the morning weakens the 
solar radiant heat. On the other hand, 
this phenomenon is not seen at Fujishi- 
ma and the absorption of the solar radiant 
heat is observed early in the morning. 

THE VEKTTCAX. DISTKIBUTION 
OF THE AIK TEHPERATVKE 

The vertical distributions of the air 

temperature in the nursery and also in 

the paddy field were measured in order 

Fig. 3. A diurnal rhythm of t\\o clarify the air temperature adjacent 

rnacPKjlim&tic conditioim me0Hure<l 

in the pt-ri.Kl of the 2 .k 1 ^encrati.,.. the ijrass-crown of the rice plant where 

of fliep. the flies live. 

The Ist generation CFig. 4): Akita- 
The fluctuation of the air temperature is from 13° to 24°C, having the modal 
range fromi 14° to 22°C. Fujishima:— The temperature fluctuates from 8° to 
28°C and the mode of it covers the range from 14° to 24°C. Thus, it is clear 
that the temperature is fairly high at Fujishima. 

When the micro-environmental temperature of the leaf minor and the tem- 
perature reaction of the said insect are taken into consideration, it is recognized 
that at Fujishima the temperature rapge is optimum for the activity of this- 
insect, while at Akita the environmental temperature is too low. 
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Fig. 4. Tlio vertical clintributioii of the air 
teinpHMatiiie in the luuMMy meaHured diuiiig 
the peritKl of the Lt generatou of fiiw. The 
'•ertical dintributhMis ot tlu* n»iniiDiim and 
maxiinnm tempi' rat are cibtaiiuHl every day 
d\iriiig the exanjiiiatiou were drawn upon 
each other. Tluin tlie tempt*ratnre fluctuation 
during tl»e examination bikI the m«»dal range 
of the Han»e are clearly hIiowh. 



Fig. 5 The veitical dint ribntion of 
the air lempi'ratan' in the paddy 
field during the perifHl of the 2nd 
generation of flien. 


The 2nd generation (Fig. 5): Akita - The environmental temperature changes 
from 18® to 27®C and the modal range is from 19'* to 26°C. Fujishima - The 
fluctuation of the environmental temperature is from 19® to 32®C and the mode 
of it is from 20® to 30®C. 

Therefore, at Fujishima the activity of the said insect seems to be inhibited 
by the high temperature, and acceleration of activity by optimum temperature 
environment is seen at Akita. 
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CONCLUBION 

It was recognized that the environmental temperature is most effective upon 
:the seasonal prevalence of the population density of the rice leaf -minor, Agro- 
myza oryzella MATS., and that the local type of emergence of this insect seems 
^ to be related with the local type of temperature environment. 

From the investi.gation concerning the temperature reacion of the activity 
of the said insect, it was concluded that the optimum temperature zone of 
activity of this insect is between 20° and 25°C. 

The diurnal change of temper ture in the mesophyll of the leaves in which 
the larvae of the dies live and the air temperature adjacent to the grass-crown of 
the rice plant where the flies are living, were me^ured at Akita in Akita Prefe- 
cture and Fujishima in Yamagata Prefecture. From these expeiments it was 
clarified that there is a distinct local type in the so-called micro-environment'’, 
♦corresponding to the local type of the emergence of flies. 

Consequently it was concluded that the local type of emergence of the rice 
Jeaf-minor depends mainly upon that of the temperature environment. 

POST SCBIPTUM 

The abstract of this investigation was read at isth International Congress 
of Entomology in Stockholm (1948). 
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INTRODUCTION 

Although there are many reports on the compound eye of insects, only 
BUDDENBROCK C1937) has investigated that of the mosquito. Therefore, the 
writer has attempted to clear up the structure of the eye of the mosquito with 
special reference to photic react km 

The writer herein describes the results of investigation on a Japanese common 
mosquito, Culex pipkns var. pallens COQUILLETT. 

This work was supervised by Prof. Dr. MUTSUO KAI'o, to whom the writer 
is indebted. The writer also acknowledges his thanks to Dr. Tametake NagaNO, 
and Assist. Prof. Dr. GUNJi TOMITA for their help 

MATERIAL AND METHOD 

The specimens Used for this investigation were obtained in the neighbourhood 
of the Biological Institute. 

For histological observations, specimens between twelve and twenty four 
hours after emergence were used. In, order to obtain the light-adapted eyes, the 
insects were placed near the window of the laboratory under diffused day-light 
for four or five hours. Then they were killed and fixed. For the killing and 
fixing, some fixative mixtures (CaRNOY's fliud, alcoholic BOUIN's fluid, and 
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JCAHLP:’s fluid) and hot water were employed. The best result was obtaind with 
KAHLE’s fixative. Hot water was very convenient, especially for fixing in the 
dark room, but was disadvantageous because the histological structure seemed to 
be considerably injured thereby. 

After embedding with the paraffin meth(xi, their heads were cut in the 
thickness from to 10/x. Depigmentation, where desired, was accomplished in 
‘GrenACHER’s mixture. For the staining, DELAFIELD’s haematoxylin with eosin 
was especially useful, HeIDENHAIN’s iron haematoxylin alone or with light green, 
and Mallory’s triple connective tissue staining were also employed. 

For the dark -adapted eye, the insects were placed in a dark room for from 
three to twelve hours, and then killed mostly with hot water and sometimes with 
the fixative. Then the sF>ecimens were treated in the same manner as described 
.above. 


EXTERNAL STRUCTURE 

I. Shape of the Compound Eye 

In the mosquito the outer surface of the compound eye is apparently distorted 
egg-apple-shaped (Fig. 1), and is considerably different in the male and female; 
namely, the second antennal segment, so-called ''torus'\ is larger in the male 
than in the female; consequently, the concave line of the eye surface which cont- 
racts with torus is deef)er in the former than in the latter (Fig. 2). 



Hurface of a cninp)und eye 2. Male and female heailv undt‘r the name magnifi- 

Cleft eye of female). D, dor- cation rd>rHal view), Hliowlng differences in nize 

sal; V, ventral; A, antero- of "Vonw”, and in nhape of C()mpmnd eye. x ca. 

lateral; L, lateral; P, pedate- 50 

ro- lateral. 



The head breadth and the maximum distance between right and left eyes 
in the frontal portion of the head were measured using 5 male and female 
.specimens, as shown in Table 1. 
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Table 1. Confidence limits of means of head breadth and maximum 


distance between right and left 
head (in 95^ reliability). 

eyes in frontal 

portion of the 

i 

Male 

I'Vmale 

lleaO Hteadih Cnim. ) 

0.74-^0,81 

0.81-^3.8<f> 

Maximum Diptunce b(‘twoen 

IV)th Kyen (min.) 

0.44-0). 30 

0.37—0.40 

1 


The significance of the difference between male and female was tested by 
the methtxl of Analysis of Variance and was found to be negative for the head 
breadth, but on the contrary, highly positive for the maximum distance between 
both eyes. 

11. Surface Area and Facet-Number of the Compound Eye 

For the measuring of the surface area of the compound eye and the number 
of the Corneal facets composing one compound eye, the entire cornea, which was 
stripped off from the head with sharpend needles and mounted in glycerin alcohol, 
was drawn on vsection paper with aid of an Abbe’s camera lucida under a 
constant magnification, and then, the number of the comeal facets were counted 
one by one, and also the approximative area of the surface was estimated. 
These treatments were applied to the 20 eyes obtained from the above-mentioned 
10 specimens. The results are shown in Table 2. 


Table 2. Confidence limits of surface area of compound eye and 
number of the corneal facets composing one compound eye (in 
95^ reliability). 


Mate 

Feiiinle 

Surfttce Area Cm*) 

2105'0~236030 

283185— V25063 

Number uf Facets 

440—462 

5i\3^560 


Erom the above-mentioned results, very highly significant difference between 
the male and female was clarified statistically; namely, both the surface area 
of the compound eye and the number of the comeal facets are larger in the 
female than in the male. 

III. Size of the Facet 

For the study of the size of the facet the whole surface of the eye was 
divided into the following five portions, viz., 1) dorsal, 2) ventral, 3) lateral 4) 
an tero-lateral, 5) postero lateral (Fig. 1), thus, the total surface area of 25 
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facets belonging to each of these portions was measured three times by the 
above mentioned manner, then, the average area of one facet in each portion and' 
the diameters of an inscribed circle of the hexagonal facet were estimated. 
These measurements were applied to two of the compound eyes obtained from 
'the male and female. 

The results are shown in Table 3. The dimensional characters of the facet 
become small in the following order; namely, ventral, dorsal, an tero- lateral, 
lateral, and pos tero- la ter si portion. 

Table 3. Confidence limits of means of dimensional characters of 


facets (in 9S% reliability) 


Sox 1 

Portion 

Surface Area 

Diameter (>*) 


PoHto n > - J iS te r a 1 

27r)~405 

19^<^20.2 


Lateral 

374^466 

20.7-^23.3 


Antero fiateral 

431—54^ 

23.2-^24.2 


Domal 

47fi<^55u 

23.4^25.2 

i 

' J 

Ventral 

t>.5~67'> 

27.1-^27.8 


P( >Htero- I^atefal 

264-^462 

17.7-23.! 

1 

T^ateral 

463^573 

23.1—23.7 

Female 

Antero liateral 

484-w602 

23.6—26.4 


DorHal 

576^36 

26.1-26.^5 


\’entral 

636'-754 

28.3—28.5 


INTEHNAL STRXJCrrtJBJE 

The ommatidia vary in size not only in diameter but also in length, showing 
that the confidence limit of the mean of length is 54.1^57,3fx in 95-per cent 
reliability. The cellular composition of each ommatidium is well understood from 
comparison of the longitudinal and transverse sections (Fig. 3). 

I. Ommatidium in the Light- Adapted Eye 

(a) The corneal part. This part is composed of two layers, the cornea and 
the lens. The cornea is the thin layer forming the facet of the ommatidium 
and is externally hemispherical. The thickness of the cornea is about 1/Li. The 
lens, the shaf>e of which is biconvex, shows interesting differences of structure 
between light-adapted and dark-adapted eyes as described later, therefore the 
writer intends to divide the comeal part into the cornea and the lens, though 
it has been usually considered that “cornea"’ and “lens’" are synonymous, 

(b) The iris part. Beneath the lens, there is a group of four crystal cells 
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Fig’. 3. Diagram of light- and liark-adapt^l oiuniatidia. 

CT). ]/)iigitu(linal Heclion of an ommatidium from dark-adapted eye. 

ClI). Longitudinal wectioii (^f an omxuatidium from light -adapted eye. The eigl\t GApital lettern 
at the riglit of the figure indicate the ievelH at which the tiectioiis for figure (I If) were 
taken, CHT) Tranaverne aecti^ma of light-adapted ommatidia. 

a. coriwa; b, leiw; c. nucleus of iris pigment cell; d, iris pigment cell; e, nucleus of 
crystal cell; f, crystal cell;g, nucleus of accessory piginejit cell ;h, accessory pigment cell; 
i, retinular cell; j, rhabdorn; k, HchalUone (intermediate zoiu»); 1, nucleus of retinular 
cell; in, basement membrane; n, nerve fibre; o, hypobusal pigment cell; p, nucleus of 
liypobuKal pigment cell. 

forming a cone-like body. The proximal end or apex of the cone-like body does 
not quite diminish to a point, but after becoming very slender it is slightly 
enlarged again. 

The cone-like body is seen corresponding with crystalline cone of “eucone- 
type eye” (GRENACHER, 1879; EXNER, 1891; PHILLIPS. 1905; HeSSE, 1908; ZIMM- 
ERMAN, 1914; OGUMA, 1917; JOHNAS, 1924; NOWIKOFF. 1934; AINO, 1933, ’34, '35, 
^36; SUGIYAMA, 1933; UCHIDA, 1934; UMBACH 1934; COLLINS, 1934; YAGI. 1938; 
Day, 1941), or with pseudocone of ‘ ‘pseudocone-type eye” (GrenACHKR. 1879; 
Dietrich, 1909; BEDAU, 1911). but the cone-like body apparently consists of the 
four cells themselves, since there is not found any secreted crystalline substance 
in them, and their nuclei are generally observed in the central part of each cell. 

Judging from the above, it may be said that the compound eye of this '^ect 

% 

belongs to '*acone-tyx>e eye”, which was first recognized by GRENACHER 

Surrounding the cone-like body, there are two densely pigmented cells, the 
iris pigment cells. The distal parts of the iris pigment cells are rather thin, but 
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gradually thicken proximally having the proximal end which become suddenly thin 
again. The nuclei of the iris pigment celLs are always situated at their distal end, 
either in light- or dark-adapted conditions. 

(c) The rctin'ilar part. ThivS part is composed of a group of usually eight 
pigmented retinular cells, which are highly differentiated on inside portion of 
each of them. The arrangement of the retinular cells of this insect is more 
similar to that of the water -boatman, Noloa^c^a, (GRENACHER, 1879; BeDAU 
1911) than many other insects which have ejcone eyes; namely, at the distal 
portion of the retinula vSeven retinular cells envelop another retinular cell, and 
then one of these seven surrounding cells becomes slender proximally, and thus 
the central cell, inversely, becomes more thick. The nuclei of these cells are 
situated at the level of the proximal end of the cell except the central cell in 
which the nucleus is commonly found at the middle or rather distal level of the 
retinula. The diameter of these nuclei is about 7/tx. 

Details of this part will be given in the description of the following three 
areas, viz, rhabdom cytoplasmic portion, Schaltzone (intermediate zone). 

The rhabdom seems to be a transparent solid or of crystalline structure, at 
least, in the hving state, but in the stained preparation it is deeply stained with 
some dyes (eosin, safranin, HeIDENHAIN’s iron haemat :)xylin. etc.), and observed 
to consist of eight rhabdomeres. 

The cytoplasmic portion contains black pigment granules and the nuclei of 
the retinular cells. The pigment granules, in thit portion, are sparsely distributed 
throughout the cytoplasm, but at the parts surrounding the rhabdom or the 
nuclei they are far more abundant than the others. The pigment granules con- 
tained in the distal portion of the central retinular cell are densely distributed 
in the axial cytoplasmic space of the rhabdom. Although this pigment is appa- 
rently a part of the retinular pigment, the writer especially intends to call it 
^ rhabdom-pigment” because of its characteristic movement caused by change of 
the photic environment as described below. The part containing the rhabdom- 
pigment shows a crescent shape in transverse section (Plate V, 4), and a rod-like 
shape in longitudinal section (Plate V, 3). Its distal end reaches the level of 
approximately two-thirds of the entire length of the rhabdom. 

The intermediate zone between the rhabdom and the densely pigmented layer 
of the cytoplasmic portion is called Schaltzone (HE33E, 1901). In transverse 
section treated with suitable fixing and staining method, the Schaltzone shows 
a fine fibrillar structure. These fibrils seems to be the neuro-fibrils which are 
the terminations of the optic neiwe-fibre coming through the basement memb- 
rane from the optic ganglion, as suggested by HESSE (1901) and AiNO (1933): 
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(d) The hypobasal part. In the depth of the eye there is a transverse septum, 
known as the basement membrane. Beneath the basement membrane, there is a 
large heavily nucleated cell which contains pigment granules. It is here .called 
“hypobasal pigment cell ”. The branches of the hypobasal pigment cells form a 
thin pigment-layer between the eye and the brain. 

Ce) The inter ommai idial part. Surrounding each of ommatidia, there are 
extremely elongated pigment cells, known as the accessory pigment cells. The 
distal end of each cell attaches to the periphery of a cornea, and the proximal 
end reaches the basement membrane. The nuclei are always found in the distal 
portion of the cells; to express more precisely, at the almost middle level of the 
('one-like body in the iris part. The number of the accessory pigment cells, 
surrounding each ommatidium, is more or less varied but usually eighteen. 

No evidences of tracheal tape turn as found in the moth eye (JOHN AS, 1924; 
SUGIYAMA, 1933; COLLINS, 1934; UMBACH, 1934; YaGI, 1938; DAY, 1941 of trac- 
heal sac as in dragon-flies (GRENACHER. 1879; EXNER, 1891; ZIMMERMAN. 1914; 
Oguma, 1917; AiNO, 1933, '34 ’36), and of reflecting pigment as in mantis (HESSE, 
1908; Zimmerman, 1914; AINO, 1935) or grass-hopper (UCHIDA, 1934), were 
found. 


II. Ommatidium in the Dark-Adapted Eye 

The feature of the ommatidium in the dark -adapted condition is distinctly 
-different from that in the light-adapted condition. 

The rhabdom, pushing and opening the crystal cells laterally, moves into the 
iris part, and the lens thickens proximally, so that the distal end of the rhabdom 
and the proximal edge of the lens draw’ near each other until they almost near 
touch. Owing to the entering of the rhabdom into the iris part, the shape of the 
cone-like body which was shown in the light -adapted eye, disappears. In addition, 
the iris pigment cells contract dis tally and open aside to some extent; consequ- 
ently, the pupil of tlie ommatidium becomes markedly enlarged in comparison 
with that of the light-adapted eye. 

In the condition of the said ommatidium, the rhabdom-pigment is not seen, 
but the proximal portion of the central retinular cell; namely, the portion between 
the basement membrane and the proximal end of the rhabdom, becomes to 
contain densely the pigment granules. Thus the crescent-shaped pigment mass 
which was seen in the light-adapted eye completely disappears (Plate V, 5, 6). 

Other changes recognized by the writer in the feature of the ommatidium 
are that the proximal portion of the retinula becomes a little slender, and that 
the nuclei in the retinular cells distally moves very slightly except that in the 
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central retinular cell. 

In order to compare the distance of mijf?ration of the rhabdom and the rate 
in change of the thickness of the lens in the light-adapted eye with those in the 
dark-adapted eye, five well-sectioned individuals were selected from light- and 
^dark-adapted irivsects, and next, five ommatidia well sectioned longitudinally were 
selected from each of the said individuals. From each of the selected 50 omma* 
tidia, the thickness of the lens was compared with the diametre of the same, 
and also the distance from the basement membrane to the prt)ximal end of the 
rhabdom was compared with the entire length of the ommatidium. The results 
are shown in Table 4 

Table 4. Confidence limits of means of b/a and d/c in light* and 
dark-adapted eyes (in 95% reliability). 


' I I ' I I I I.I M I ,1 — ■■■ „ 

Light Adapted Kye j Dark- Ada pte<1 Kye 


b/a j 

.3v 

.43 

i 

•63 

d/c j 

.17 

.20 

.35 

.37 


a, diametre <»f leiia; b. thicknew of lens; c, entire lengtii of ommafidinm (from basement 
membrane to dintal ond of cornea ': d, diHtance from baHeinent membrane to proximal end 
of rhabdom. 


From these measurements the highly significant difference between light - 
and dark-adapted eyes was recognized statistically. 

In both processes of the light- and dark-adaptation, although the migration 
of the rhabdom is almost completed during the time from ten to twenty minutes 
the time required for the completion of the change of the features in the lens 
in the iris part, and in the rhabdom -pigment, is so long as to count about from 
two to three hours. 


DISCUSSION 

BUDDENBROCK (1937) described that the total diameter of five facets of 
the European mosquito, Culcx pipiens, is 80/i. Threfore it is easily considered 
that the diameter of one facet is approximately 16//. But the writer’s measuring 
of the facet of var. pallcns shows tliat it ranges generally between and 
28m. 

According to EXNER (1889, 1891), two types are recognized in the compoutid 
eyes of the insect; most of the insects active in daytime have the apposition -eye 
and most of the insects active at night or in dim light have the superposition- 
eye. In the latter, the pigment granules contained in the ommatidium migrate 
according to the change of the light intensity, consequently the apposition-image 
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is formed in the light, and the superposition -image is formed in the darkness or 
dim light. 

Blit in the compound eye of the mosquito, from the structual point of view, 
the superposition-image is never formed either in light or in dark environment, 
but the apposition-image is formed. Nevertheless by changing the structure of 
the ommatidium, which depend mainly upon the migration of the rhabdom, this 
insect is probably able to adapt to any photic environment correspondingly. 

It would l:>e very interesting to know the mechanism of the photic adapta- 
bility in the case of this insect which is conspicuously different from that in 
many other insects as have been known hitherto (Parker. 1932). 

SUMMARY 

1 The Japanese common mosquito Ctilvx pipicns var. pallcns COQUILLETT, 
was investigated. 

2. The shape of the surface of the compound eye seems almost like a dist- 
orted egg-apple. The concave line of the shape which contacts with torus is 
deejKT in the male than in the female. 

3. The surface area of the compound eye and the number of facets compo- 
sing one com})ourid eye, both are larger in the female than in the male. 

4. Size of the facets are different according to their position on the surface 
of the ca)mp<mnd eye; their order from the large to the small is on ventral, 
dorsal, antero lateral, lateral, and postero lateral. 

f) The characterestics of the ommatidium are as follows. 1). It belongs to 
“ac one type eye”. 2) Its length is considerably short in comparison to the 
diameter of the corneal facet. 3 j. The rhalxiomeres are of short rod-like shape, 
4). No evidences ot tracheal tapetum, of tracheal sac, and of reflecting pigment, 
were found. 

6. In the dark-adapted eye, I ) the rhabdr)m moves distally and enters the 
iris part, 2) the lens thickens. 3) the pupil in the iris part expands according 
to the contraction and transformation of the iris pigment cell, 4) the rhabdom- 
pigment disappears from the rhabdom. 5) the proximal portion of the retinula 
becomes slightly slender. 

7. By reason of the fact that the lateral face of the rhabdom is surrounded 
by a deUvSely pigmented layer both in, the light- and dark -adapted eyes, the writer 
considers that the apposition-image is always formed in the eye of this insect. 

8. The migration of the rhabdom caused by change of the photic environment 
becomes almost complete in a considerably short time (I0--20 minutes). However 
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it requires a comparatively long time (120^180 minutes) until each of the comp- 
lete light- and dark adapted eye forms its own characteristic cellular structure. 
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EXPBANATION OF PJ.ATE V 

Phi>tographB from tlie cmpound eye§ of pipien^ var. pallem Coquilijstt. 1 and 2 were 

taken from a preparation which had been killed in light-adapted atate, depigmented in 
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Graui-cher'^ mixture, and stained with DHafieid*^. haemah»xylin and ei>siu. 3 t ) 6 were taken 
from tlie preparationw which liad been slilfhtly staiiw^d with same dyes without depigmenta- 
lion. 

1. Frontal Hcctioii of head (female^ X 7C 

2. Ijongitudinal Hection of compound eye. x 600 

3. Jw»ngitndinal nection of light-adapted eye. x 600 

4. TrauHvernc nection of light-adapted eye through the retiniilar part, montly. x 500 
Note tlie prenence of tlie creHCeut-aliaped ma^w of tiie rhabdom pigment. 

5. Longitudinal aection of dark-adapted eye. x 600 

6. Tranaverne nection of dark -adapted eye througli the retinular part, mostly, x 500 
Note tiie absence of the rhabdom -pigment in the rhabdom. 
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( U'il]] one Figure i 
^ iN'ceived 

Mt. Zaf) stands between latitude 38" O'-SS'" 10' N on the borderland between 
Miyagi and Yamagata Prefectures in Northeastern Japan. The mountain consists 
of several peaks, namely Mycgfmine (1490m Kumanodake (1840m), Kattadake 
(1759m). Sugigamine (1745nn, Byobudake (1817m) and Fubosan (1705m). The 
former three peaks are in the northern part and have an extensive bare area of 
recent volcanic ejecta, while the latter three which are in the southern part are 
old extinct volcanoes now clad with dense vegetatirai. The general aspects of 
the vegetation and the succession of plant communities were studied from the 
standpoint of plant sociolgy. 

The writer wishes to thank Prof. Y. YOSUII for his supervision during this 
study. 

I GENERAL ASPECTS OF THE VEGETATION 

The characteristic features of the plant communities developing on the vol- 
canic ejecta of Mt. Zao was studied by Prof. Y. YOSHII (1940) who pointed out 
that the complex structure of the vegetation was due to volcanic activity. Three 
vertical regions in vegetation, as is usual on high mountains throughout the nor- 
thern half of Japan, cem also be seen on Mt. Zao. These comprise the deciduous 
forest region, the subalpine coniferous forest region, and the alpine scrub and 
dwarf scrub region. 

A. The deciduous forest region. 

The mountain-side from 500 to 1100m above sea level is largely occupied by 

* ('ontribiitiuriH fr )m the Mt. Hakk^^da R»lanical jjab(»rat4)ry. No. 33. 

Thif^ article ha.“ partly been publinhed in Kcol, Review Vol. 1 (1935), 
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deciduous forests, the lower limit ivS uncertain because of human interference. 
The climatic climax community in this region is a forest dominated by the 
Japanese beech, Fagns crenaia and other communities are largely subclimax ones 
due to human agency or edaphic condition. 

The following communities are distinguished in the region : 

1. Fagus crenaia community. This community once occupied an extensive 
area in the region, but was diminished gradually by fire and lumbering. This 
beech forest is a typical climatic climax community of the montane deciduous 
forest region throughout Northeastern Japan. The structure of the community 
is as follows : 

Tree layer : Fagus crenaia d, Quercus crispula o, Acer mono var. eupictum o, 
A. japonicum o; Shrub layer: Sasa kurilensis \Si,Lindera umhellata o; Field layer: 
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Maianthemum diiatatum var. nipponicum f, Disporum smilacinum o, Trientalis 

1 * 

europea var. eurasiaiica o, Mitchella umbellata 

2. Fagus crenata-Quercus crispula community. This is regarded as a develo 
ping community on volcanic ejecta or as a secondary community regenerating 
after lumbering. Thus, it is perceived that the community will migrate into the 
climatic climax, a pure forest of Fagu^ crenata, in the future. The floral 
composition of this community is more complex than the climax beech forest ; it 
shows the following structure . 

Tree layer : crenata d.Quercus crispula d, Kalopanax pictum o. Magnolia 

ovbovata o, Acer mono var. eupicium o. A. japonicum o, Corpinus Chonoskii o, C 
laxifolta o, Betula Schmidtii o, Alnus iinctorid var. glabra o. Fraxinus Sieboldiana 
var. serrata o ; Shrub layer fritomodon campanulatum f . Hydrangea paniculata 
var. floribunda o, Clethra barbinervis o Lindera umbellata a, :iasa kurilensis a ; 
Field layer • Desmodium racemosum o, Aster ageraioides subsp. japonica o, Solidagy 
japonica o, Pertya Koribanuyn o, Disporum similacinum o, Maianthemum dilataium 
y^x .nipponicum f. Astilbe Thunbergii o, Thalictrum tuber iferum o. 

3. Quercus crispula community. This community is a pure forest of young 
oak which developed on a repeatedly lumbered area, that is, the community is a 
typical secondary forest in the deciduous forest region. The community shows 
the following structure 

Tree layer : Quercus crispula d, Acer rufinervi o, Fraxinus Sieboldiana var. 
serrata f, Meisteria campanulata i, Sorbus cammixta o ; Shrub layer : Clethra 
barvinervis o, Ilex Sugeroki o, Rhododeyidron Alhrechtii o, Rh. quinquefolium o, 
Menziesia ciliicalyx var. mult if lor a o, Sasa kurilensis la; Field layer: Tripterigium 
Regelii f, Disporum smilacinum f, Maianthemum diiatatum var. nipponicum f, 
Pirola incarnata o, Shizocodon soldanelloides o, Huger ia japonica o. 

4. Miscanthus sinensis- Zoysia japonica community (Seminatural grassland). 
This grassland is a result of lumbering and burning of the natural forest by man 
and it is now in an arrested stage of development due to repeated burning and 
mowing. Although the community is dominated with perennial grasses and dwarf 
bamboos, young trees are also found in abundance. An example of the floral 
composition is as follows : 

Upper field layer ; Miscanthus sinensis d, Arundinaria raniosa a, Pleioblastus 
Chino a, Lespedeza Buergeri f, Spoiiiopogon silvericus o, Serratula deltoides o, 
Hydrangea paniculata vslv. floribunda a, Weigela hortensis o; Lower field layer 
Zoysia japonica \d,Scabiosa Fischeri var. japonica a, Astilbe Thunbergii f, Pteridium 


♦ ) r=:rare, (>ia(tcca«ioiial» Infrequent, u = abundaut, (l=d>miufint, abiirwlaat. 
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aquilvntm var. japonicum a, Ixeri^ dentaia o, Aster ageratoides subsp. ovatus o, 
Lysimachia japonic a o. 

B. The subalpine coniferous forest region. 

This region occupies the area from 1200 to 1600 m and is dominated by a 
subalpine fir, Abies Mariesii, accompanied with abundant birch, Betula Ermanii 
var. communis. Bogs are also found in this region especially on the flat 
undrained sites where trees can not establish themselves. 

The distinct communities found in this region are the following : 

1. Abies Mariesii community. This forest community occurs extensively 
over the region maintaining themselves for a long time by natural reproduction. 
Since Abies Mariesii is the most shade -enduring tree in the region, it can establish 
itself even in the deep shade of the forest floor. The birch on the contrary is 
a typical light demanding tree and can establish itself only in an open place. 
The structure of the community is as follows • 

Tree layer : Abies Mariesii d, Betula Ermanii var. communis f. Sorbus commixta 
o ; Shrub layer : Sasa kurilensis Id. Viburnum furcatum f . Rhododendron AlbrechtU 
f, Acer Tschonoskii o, Sorbus commixta o, Ilex Sugeroki o; F^eld layer: Abies 
Mariesii o, Plagiogyra Matsumureana o, Maianthemum dilatatuni var. nipponicum 
o. Stretopus japonicum o. 

2. Betula Ermanii var. communis community. This is a pure stand of birch 
which developed as a secondary forest or as a pioneer one on open area. The 
community occurs throughout the subalpine region and stretches therefrom to the 
deciduous forest region downwards and to the alpine scrub and dwarf scrub region 
upwards. An example of this community shows the following structures: 

Tree layer : Betula Ermanii var. communis d, Quercus crispula o, Abies 
Mariesii r. Fagus crenato r; Shrub layer: Sasa kurilensis Rhododendron Fauriae 
var. roseum form, ru/escens o; Field layer: Solidago japonica o, Gentiana Makinoi 
o, Pedicular is yezoensis o, Galium japonicum o, Tripterigium Regelii o, Viola 
Sclkirki o, Maianthemum dilatatum var. nipponicum o. 

3. Fauria Crista- galli Sieversia pentapetala community CSubalpine bog). Bogs 
are found on undrained, flat places where snow is heavy, and primary bogs which 
developed on volcanic ash as already verified by Prof. Y. YOSHII (1931) on Mt. 
HakkCda are recognized. The structure of the bog community is remarkably 
different from place to place owing to the sudden change of conditions, but the 
following structure is seen frequently: ' 

Field layer’ Fauria Crista-galli d, Sieversia pentapetala a, Rhyncospora Yasu- 
dana ^,Carex omiana var. monticola i.Narthecium asiaticum i.Eriophorum gracile 
o, Coptis trifolia o, Drosera rotundifolia o, Loiseleuria procumbens o, Aletris 
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foltata o; Moss layer: Sphagnum sp. a. 

C. The alpine scrub and dwarf scrub region. 

Above the subalpine coniferous forest region scrub and dwarf shrub commu> 
nities occupy an area from 1600m to the summits of the peaks (1700-1840 m). 
These communities are also seen occasionally on ridges and recently laid volcanic 
ejecta in the upper part of the subalpine coniferous forest region where trees 
can not establish themselves owing to unfavourable habitat conditions. The 
following communities are distinguishable in this region : 

1. Alpine scrub community. Alpine scrubs occupy the greater part of the 
alpine region except for where they cannot establish themselves. Two distinct 
types are recognized in the scrub communities, viz. a dwarf pine, Finns pumila, 
community and a dwarf alder, Alntis Maxim owiczii, community. 

a. Finns pumila community. This community is dominated with Finns 
pumila accompanied by several shrubs; it occurs usually on drier habitats. An 
usual structure of the community is avS follows- 

Shrub layer • Finns pumila d, Acer Tschonoskii a, Sorhus commixia f , Viburnum 
furcatum f, 'Faxus cuspidata o, 1/ex Sugcrokii o, Betula Ermanh var. communis o, 
Salix Reinii o, Rhododendron Fauriae var. rosetim form, rufcscens o; Field layer : 
Hydrangea paniculata var. floribunda o, Solidago japonica o, Viola Sclkirkii o, 
Maianthemum dilatation var. nipponicuni o. 

b. Alntis maximowiczii community. This is a community of deciduous 
shrubs of which Alnus Maximowiczii is dominant. Coniferous shrubs on the 
contrary are scarcely found. The community occurs on a snowy scree and 
alongside a brook where the soil is moist and drainage and aeration are goc^. 
It usually has the following floral composition 

Shrub layer Alnus Maximowiczii d, Sorbiis commixia o, Acer Tschonoskii o. 
Field layer Sasa kurilensis a, Verairurn stamineum var. glahrum o, Viola Selkirkii 

0, V. acuminatum o, Fcrcnrpa circaeoides o, Flagiogyria Matsuynureana o. 

2. Empeirum nigrum var. japonicum-Loiseleuria procumbens community. This 
dwarf shrub community occurs around the summits of peaks in the alpine region 
where prevailing winds are strong. It is also found on newly laid lava flows in 
the subalpine coniferous forest region as well as in tlie alpine region. The 
community is formed of the following components: 

Field layer : Empeirum nigrum var. japonicum d, Loiseleurta procumbens d, 
Vaccinium V itisHdiaea f, Arcteria nana i, Maianthemum dilatatum var. nipponicum 

1, Tilingia ajanensis o, Shizocodon soldanelloides o, Lycopodium obscrum o, Alnus 
Maximowiczii o, Spiraea betulifolia o, Menziesia ciliicalyx var . multiflora ojuniperus 
communis var. nipponica o. 
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II PLANT SUCCESSION ON VOLCANIC EJECTA 

An extensive area on the eastern sides of Kumancxiake and Kattadake is 
covered by a lava flow and the summits of the northern peaks, viz. My'gomine, 
Kumanodake and Kattadake, with volcanic ejecta. This volcanism is said to 
have occured about seven hundred years ago. The lava flow which is called 
Sainokawara occupies an area between 1600 m to 1100 m an'd its greater part 
still remains barren, although a few plants are scattered on its surface. In this 
region are found communities in various serai stages of development. Although 
the floral composition of an early serai stage is similar everywhere on the lava 
flow, continued development gradually tends to make different communities 
according to both altitude and habitat. The following types were found in the 
course of succession owing to altitude. 

A. Lower end of lava flow. 

The lower end of the Sainokawara lava flow, 1000-1200 m above sea level, is 
clad by a relatively dense vegetation in comparison with the upper parts, and 
the floral components of the plant communities differ considerably from those 
of the upper parts. The following serai stages are seen in the communities 
developing in this place 

1. Maackia amnrensis-Miscanthus sinensis stage. The community of this 
stage occurs at the inner portion of the area where the lava is thick and previous 
v^etation was completely annihilated. It is a scrubby community composed 
of the following plants : 

Shrub layer: Maackia amurensis a, Weif^la hortensis i,Salix vulpina f,Quercus 
crispula o, Menziesia ciliicalyx var. muliiflora o. Palura pilosa o, Field layer; 
Miscanthus sinensis a, Carex Wrightii a, Maianthemum dilatatum var. nipponicum 
f, Sanguisorba albiflora f, Aletris foliata o, Solidago japonica o, Trientalis europea 
o, Ixeris dentata o, etc. 

2. Quercus crispula -Wei gel a hortensis stage. The community of this stage 
is composed of stunted Quercus crispula and a number of shrubs, and shows a 
scrubby appearance. The following is an example of the structure of this 
stage : 

Subtree layer : Quercus crispula a, Maackia amurensis o, Clethra barvinervis 
o, Shrub layer : Weigela hortensis f , Menziesia ciliicalyx var. multiflora f , M. 
pentandra o, Hydrangea pankulata yax. floribunda o; Field layer: Maianthemum 
dilatatum var. nipponicum a, etx:. 

3. Quercus crispula stage. At the very end of the lava flow, where the 
lava is thin and where some plants survived disaster, there is an oak forest 
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which may belong to the Quercus crispula stage. There the oak trees attain a 
hight of about ten meters and form a forest with a dense canopy. The 
following structure is seen: 

Tree layer : Quercus crispula d, Fraxinus Sieboldiana var. serrafa a, Acer 
rujinervi o, A. japonicum o, Clef hr a barvincrvir f, Triiomodon campanulaium o; 
Shrub layer; Menziesia ciliicalyx var. mulfiforu f, Palura pi'osu f, Viburnum 
Jurcatum f, Rhodbdendron Albrechtii o; Field layer: Maianthemum dilataium var. 
nipponicum i, Ilex Sugcrokii o, /. crenata o, Rhododendron Kaempferi o. 

From the foregoing results it may be said that the oak forest is brought 
out as a primary forest passing through the scrub stages. The oak forest 
merges into a beech forest, the climatic climax community of the deciduous 
forest region, as the soil becomes mature. 

B. Main part of lava flow. 

The main part of the Sainokawara lava flow ranges from 1200 m to 1600 m 
in altitudes, and a community of Abies Mariesii and Betula Er man ii \dir .communis 
occupies the mature soil of the surrounding area. The lava where thick remains 
almost undecomposed, therefore its vegetation is so pauce that scarcely ten 
per cent of the area is occupied by plants as yet. We can find the following 
stages in the communities developing there : 

1. Bare stage. The greater part of the lava flow is still bare and only a 
few non-exacting plants are found, viz,, Descharnpsia flexuosa, Reynoutria japonica, 
Solidago japonica and Salix Reinii. 

2. Empetrum nigrum var. nipponicum- Loiseleiiria procumbens stage. On the 
slopes and marginal portions of the lava flow, where the lava is thin as compa- 
red with flat places, dense carpets of dwarf shrub plants with invading tree 
seedlings are found. As an example the following fkjral composition is shown 

Field layer: Empetrum nigrum var. nipponicum d, Loiseleuria procumbens d, 
Pinus peniaphytla o, Juniper us communis var. japonica o, Vaccinium hirium r, 
Spiraea betulifofia r, Solidago japonica x .Shizocodon soldaneU aides r, Calamagrosiis 
Langsdorfii r. 

3. Pinus pentophylla stage. Near the margin of the lava flow, where the 
lava is thin and the climax community was left close by, there occurs a scrubby 
community mainly of Pinus pentophylla. This pine is a tree which originally 
inhabits ridges in the transition zone between the deciduous forest and the 
subalpine coniferous forest regions, and its abundant occurrence is due to its 
non-exacting and easily disp>ersible characters. This scrub community is just 
like that of P. pumiia, an alpine dwarf pine, in appearance. The structure of 
the community is as follows: 
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Subtree layer Pinus pentaphy'.la a ; Shrub layer ; P. penfaphylla i ; Field 
layer; Empetrnm nigrum var. nipponirum d, Loiseleuria procitnihens a, Ledum 
pulusire var. nipponicum o, Lycopoditon obscrum o, Gaulfheria Miqueliana o, Salix 
Reinii o, Rhododendron Tschonoskii var. penfaphyllum o, Spiraea betulifolia r, 
Sanguisorba a' biflora r. 

The development of the plant community bej?ins on a bare area later invaded 
by Desrhamps.ia fexuosa, Reyn nutria japonica, etc. (the bare stage), and through 
the next stage or the alpine dwarf scrub dominated by Empetrum nigrum var. 
nipponicum and curia procumbens (the Empetrum nigrum var. nipponicum 

and Loiseleuria prucumbiiis stage) the community transforms into the scrubby 
community of Pinus penfaphylla (the Pinus penfaphylla stage). Athough the 
climatic climax community of the summits is the scrub of P. pumiia, the scrub 
of P. pcnfaphyUa prevails for a long time as a proclimax community. 

Ill OIFFERENTCE IN FLORAL COMPOSITION BETWEEN 
THE NORTHERN AND THE SOUTHERN PEAK GROUPS 

Wide bare areas extend over the northern peaks which erupted repeatedly until 
recently, while a dense vegetation covers the southern peaks where volcanic 
activity ceased long ago. For such reasons a significant difference is recc^gnized 
in the floral composition between both peak groups, though a considerable num- 
ber of plants are in common. 

1. The following plants occur only on the northern peaks; 

Hieracium japonicum, Tripteriglum Regel ii, Dicentra peregrina var. pusilia, 
Reynouiria japonica war .compact a form, colorans, Chondradenia Fauriae, Pinguicula 
vulgaris, Ledum palustre var. nipponicum, Phyllodocc aleutica, Maackia amurensis 
var. Buergeri, etc. 

2. The following plants are found exclusively on the southern peaks . 

Potentilla Matsumurae , Halenia corniculaia, Ligasticum acutifoUum, Helaclmrn 

nipponicum, Anemone narcissijlora. Chrysanthemum rupestre, Saussurea brachyce- 
phala, Patrinia pahnata var. gibbosa, Geranium yezoense var. japonicum subvar. 
glabrum, Thymus quinque costatus var. laxus, Primula mjdesta var. FauriaCf 
Bupleurum nipponicum, Bistorta nitens, Miscanthus Matsumurae, Juniper us chinen^^is 
var. Sargentii, Rosa acicularis var. nipponensis, etc. 

3. The following plants are found on both peak groups ; 

Empetrum nigrum .nipponicum, Vaccinium Vili:>-Idaea, Diplycosia admoihrU, 
loiseleuria procumbens, Arcterica nana, Spiraea betulifolia, Menziesia cililcalyxvecc, 
multiflora, Juniperus communis V3x.nipp(micum, Salix Reinii, Gentiana Makinoi, 
Shizocodon soldanelloides, Anap kalis margaritacea, Solidago japonica, Aletris foliata^ 



350 


K. YOSHIOKA 


Maianthemum dilatatum var. nipponicum, Veratrum Maximow iczii, Lycopodium 
sabina f folium var. sitchensc, etc. 

Among the plants which occur exclusively on the northern peaks Hieracium, 
Rcynoutria, Tripterif^ium and Direnira are most characteristic. They are pioneer 
plants which invade bare volcanic ejecta and can endure poverty and dryness 
of soil. They are, however, crowded out by dwarf vshrubs or herbaceous plants 
as the soil become mature. 

The majority of the plants which are restricted to the southern peaks are 
perennial herbs of mesophytic character composing an alpine meadow. Those 
plants which grow on both i>eak groups are widespread species with non-exacting 
and easily dispersible characters, that is they are dwarf shrubs and xerophytic 
herbs. 


SUMMARY 

1. The vegetation of Mt. Zab in Northeastern Japan was studied from a 
synecological standpoint, and plant succession on volcanic ejecta was also investi- 
gated! 

2. The vegetation is divided into three regions according to the physiognomies 
of the climax communities, viz. the deciduous forest region (500-1200 m), the 
subalpine coniferous forest region (1200-1600 m) and the alpine scrub and dwarf 
scrub region (above 1600 m). The structure of each community in each region 
was analysed in detail. 

3. Plant succession on the Sainokawara lava flow, which was ejected more 
than seven hundred years ago, is so slow that the greater part of the lava field 
is still bare. Closed communities are found on the end or the margin of the lava 
flow. 

4. As to the serai communities developing on the lava flow four distinct 
stages are distinguished, viz. bare, dwarf scrub, scrubby and forest stages. 

5. Some xerophytic herbs occur restricted to the recently erupted northern 
peaks, while mesophytic herbs are exclusive to the s(nithern peaks. Dwarf 
shrubs are found on both fx^ak groups. 
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In the preceding papers (JIMBn, 1949) of this series I have outlined the 
characteristic features of the pool water and the bottom mud, which are the 
very habitats of lacustrine bacteria. This one deals with the bacterial population 
of this bog lake. An account of its fungus flora of special interest is also given. 
All the experiments regarding the micro-organisms were confined to materials 
from the deepest centre of Naga-Numa bare of vegetation (2.5 m. in depth). 

OCOURKENCE OF COIMON BACTERIA 

First, I will mention the findings in regard to the occurrence of common 
bacteria, that is to say, those capable of thriving on ordinary plates. 

The Number of Common Bacteria in Water. One dull afternoon in the middle 
of August oi 1941 the bacterial numbers in the surface and bottom waters were 
counted by the use of the plate method with sodium-caseinate agar medium 
{vide WAKSMAN and FRED, 1922). The bottom water was taken by mecuis of 
the EKMAN sampler thoroughly washed with the bottom water itself. After 16 
days' incubation at room temperature Cl5 to 20®), the following numbers were 
obtained • Bacteria —including actinomycetes - per c.c. of the pool water reach 

1) Contributions from the Mt. Hakk<>da Botanical Laboratory. No. 34. The cost of 
this investigation was in part defrayed by a grant from the Scientific Research 
Expenditure of the Department of Education. Tlie writer expresses his gratitude 
to the Department of Education. 
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1,370 in the surface layer and 960 near the bottom. The latter number corresponds 
to 70 per cent, of the former. It is of interest to note that 44 per cent, of 
the bacteria in the surface water and 34 per cent, of those in the bottom water 
give rise to pigmented colonies, of which over 70 per cent, are yellow, no less 
than 10 per cent, orange, another 10 and odd per cent, pink and the rest are 
violet or light green. In contrast to the great abundance of chromogenic bac- 
teria in the lake water, they are absent in the bottom mud as will be seen later. 
Some workers have already pointed out that pigmented bacteria are plentiful 
in waters whilst they are scarcely found in sf)il. Tiiis fact was regarded as 
related to the light penetration. The first men to n )tice the i)redominance of 
pigmented bacteria in the lake water were SNOW and FrkT) ( 1926 ). According 
to them, the bacterial population of the water of Lake Mendota (Wisconsin) 
was made up of 52 per cent, white and cream-coloured bacteria. 35 per cent, 
yellow and orange, and 11 per c'ent. pink and red. only a small percentage of it 
being brown, fluorescent green, violet and black. GRAHAM and YOUNG ( 1934 ) 
found in the water of Flathead Lake in the Rocky Mountains (Montana) that 
coloured bacteria represented 39 per cent, of the total bacteria cind were domi- 
nated by yellow and orange forms, pink and red being less common and violet, 
blue and black rare. Moreover, according to HENRICI C 1939 ), chromogenic bacteria 
are few in number in the brown water of dystrophic lakes, such as Mary Lake 
and Helmet I^e^^ in Wisconsin. On the other hand, HENRICI and McCOY (1938), 
who worked with the bottom mud of I^ke Mendota, an eulrophic Jake, reported 
that the mud also contained pigmented bacteria in somewhat smaller numbers 
than the water, and that, thus, the proportion of pigmented bacteria varied from 
10 to 17 per cent, in depths down to 18 cm., below which there was a marked 
reduction. They were for the most part yellow und orange, red being fewer. 
The nearer the surface the more were the coloured bacteria. Furthermore, the 
muds of the dystrophic lakes mentioned above were found to be strikingly poor 
in chromogenic bacteria. 

Again in 1947, six years after the above counts were made, and for the third 
time in 1949, the bacterial number was counted about noon on a clear day at the 
end of August of 1947 and at the beginning of July of 1949 in exactly the same 
manner as in 1941. 550 and 1,220 bacteria per c.c. of the surface water were 
counted in the respective years. As many as 55 and 17 per cent, of them were 
pigmented, of which 88 and 46 per cent, were yellow, 8 and 49 per cent, pink and 


1) Their colours are said to be 1?3 and 233 re5je:tivel/ on th 3 platinum cobalt 
standard . 
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4 and 5 per cent, orange. Shake cultures in test-tubes just as made of the mud 
to be mentioned in the following paragraph gave roughly 200 of anaerobes per c.c. 
of the surface water. A pomt of importance to be noted is that none of the 
anaerobes in the water, too, was coloured. 

The Number of Common Bacleria in Mud. In the same afternoon as the 
cultivation was made from the water, benthic bacteria in the bottom mud taken 
by means of the EkmAN-HIRGE dredge were counted. The plate method with the 
sodium caseinate agar medium was used for the aerobes. Anaerobes were culti- 
vated in a deej) layer of the agar medium mentioned in a test-tube overlain by 
a thick layer of plain agar. The temperature and the peritKl of incubati')n were 
the same as above. One gram of the dried mud taken from the surface of the 
bottom harbours 1,011,500 bacteria capable of growing on plates -inclusive of 
actinomycetes. It is to be noted that pigmented bacteria present in the water in 
so great a proportion are absent in the mud (vsee above). Anaerobes did not 
admit of an accurate estimation by this method, a rough estimate of their number 
being 100,000. They were all devoid of pigments. 'The anaerobic test-tube 
cultures showed a marked gas evolution and gave out a putrid smell. 

Six and eight years afterwards, at the .same time when counts were made of 
bacteria in the water again, I found, by the use of the plate method, 91,670 and 
824,742 bacteria per gram of the dried superficial layer of the bottom mud and 
832-50 and 636,364 bacteria in the deeper part of it. At this time, too, pigmented 
bacteria could not be found in the mud. The numbers of anaerobic bacteria de- 
veloped in the shake cultures were several ten thousands both in the upper and 
dower layers of the mud, all of them being colourless. 

In conclusion, the points to be noted can be summarized in the following : 

1. Especially .interesting is the fact emerging from the foregoing data that 
pigmented bacteria are confined to the water altogether lacking in the mud, nearly 
half of the bacterial flora of the water being made up of chromogenic species. 

2. On the other hand, anaerobic bacteria in the water are also devoid of 
pigments. 

3. As has been seen already, the bottom mud has a capacity of intensely 
absorbing oxygen, so that the water permeating the mud‘> is undoubtedly free 
from oxygen. In the light of these facts bacteria living therein are thought to 
be either obligatory or facultative anaerobes, which latter will be represented by 
the plate counts. Above figures obtained by the shake cultures, however, are far 
.lower than those to be expected, due probably to the unsatisfactory method of 

1) The water content of the deeper part of the mud was found to be 86.7 per 
cent. 
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counting. 

4. It appears, at all events, that the lacustrine pigmented bacteria are alT 
aerobic . 

5. Consideration of the above points leads us to suppose that the pigmen- 
tation is linked in some way or other with the bacterial respiration, though the 
previous workers have laid stress on the light factor. 

6. There is no doubt whatever tliat the bacterial flora in the water is, for 
the most p)art, distinct from that in the bottom mud. 

The results obtained in 1947 are noticed to be excessively low in numerical 
respects when compared with those recorded six years ago and two years later. 
And the same can be said of the fungi (see 1:)elow). At present I cannot account 
for such divergences, within the limited scope of this investigation, without 
requisite observations taken over a number of years to trace the variation of 
the microbial population in the course of time. 

PERIPHYTIC BACTERIA IN WATER 

For direct observation of the bacteria in waters. HENRICI (1933) and 
KARSINKIN(1934) put forward the submerged slide method. Briefly the method 
consists in keeping slides submerged in lake water for an appropriate period and 
then staining and examining the bacterial cells coating their surfaces— periphytic 
bacteria or bacterial periphyton^ \ The former worker regarded the number of 
bacterial cells per day per square millimetre of the surface area of the slide as 
some measure for the bacterial number in water. This conception was based on 
the view stressed notably by ZoBell and ANDERSON (1936) that aquatic bacteria 
tend for the most part to grow attached to suspended matters due to an accumu- 
lation of dissolved nutrients on their surfaces by adsorption*-*. However, HENRICTs 
claim is considered to be open to criticism, as will be seen later. 

An attempt was made to count the periphytic bacteria in Naga-Numa and to 
compare the result with the plate numbers, which is described above. Two 
batches of slides were lowered in the centre of Naga-Numa, one just below the 
surface—at a depth of 15 cm. -and the other deeper down at a depth of 2 m., 
that is to say, -2 m. distant from the bottom. After a period of 9 days, towards 

1) For a detailed treatment of this method, the reader is referred to Hknrici (1936). 

2) ZoBiiu- and Ailkn, 1935; Hon hkih.^ and Wakh.vak, 1936; Kuhnistzonva, 1937; 
Stark, Stadlkr and McCoy, 1938; Hki’khlkkian and HKUJiR, 1940. It is worth noting 
also that HfWfRioT and McCov (1938) found \much less bacteria on slides buried In 
the bottom mud than tliose submerged in the overlying water, presumably due to 
the fact that the mud particles had already provided them with an immense surfac^b 
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the end of August of 1941, the slides were taken out. quickly dried and stained 
with rose bengale (1 in 100 of a 5 per cent, solution of phenol). Bacterial cells 
fixed on the slides were rods of diverse sizes and shapes, frequently associated with 
each other in chains or in clumps, evidence that a multiplication had taken place 
on the glass surface. Among them were cells only faintly tinted with stain. 
They seemed to be no longer viable and scxmer or later broken down. The 
numbers of the periphytic bacteria were 2,550 at a depth of 15 cm, and 92 at 
2m. p>er day per sq. mm. In the bottom water there were periphytic bacteria 
very poor in comparison with the surface water, the ratio being 1 : 27. There 
is a startling contrast between this and that obtained by the plating method. 
This latter showed an admittedly different ratio of 7 10 as mentioned above. 

Reverting to HENRICTs experimental data (HenricI, 1936; 1938; 1939), it is to 
be noted that actually did he, txx), observe very frequently a falling off in the 
number of periphytic bacteria as the depth increased. Thus he recorded a 
striking fall in their number beneath the thermocline in stratified lakes of varied 
types in Wis^'onsin and Minnesota. To give notable examples; In Mary Lake 
and Helmet I^ke (Wisconsin), which are dystrophic waters lying in Sphag}inm- 
bogs (19 and 10 m. deep), the periphytic bacteria were plentiful near the surface 
but almost absent from the hypolimnion at the end of June, when the water 
temperature was 25'^ at the surface and sank even to and 6° respectively in the 
hypolimnion. Nevertheless, this was not reflected in plate counts. He did 
advance the conclusion that the water temperature exerts a very marked effect 
on the vertical distribution of periphytic bacteria. Similar results were obtained 
in Lake Glubokoje by KARSinkIN. The plate counts, on the othesr hand, are 
known to show, as a rule, no definite tendency in the vertical distribution of 
bacteria in the lake water. HENRICI stated as to it that in plate counts inactive 
bacteria are also taken into account to give higher counts for the hypolimnion. 
But this statement does not give a lucid explanation. The situation is far more 
complicated by the intervention of bacterial multiplication on the glasvs surface. 

It is more likely that the submerged slide method does give not the actual 
number of bacterial cells present in the water but the bacterial activity. Sub- 
merged slides offer anew a surface, as it were, with an infinite area, compared 
with minute suspended particles, on which bacteria settle and multiply freely 
thriving upon nutritive substances concentrated on the glass surface in the course 
of the submersion. Here the rate of multiplication is undoubtedly related to the 
water temperature to a great extent, the bacterial growth being promoted by a 
higher temperature in the warm epilimnion to give a much greater bacterial 
mumber per day per sq. mm. than the cool hypolimnion where a lower temperature 
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slows down the {growth rate. During the above period of my experimentation the 
temperature of the surface water might reach 25® or so at midday, while the 
bottom water was, in all probability, to remain as cool as about 15®, so that in the 
latter the bacterial multiplication, that is, the bacterial activity was greatly 
^reduced by the lower temperature there. At all events, a source of fallacy might 
arise when depending very much upon the submerged slide method so helpful in 
certain other aspects. In reality HeNRICI did rightly mention that the slide count 
is related to the bacterial activity, but ventured to rely upon it in assessing the 
bacterial number. 

OCCtJRBENCE OF PHYSIOLOGICAL GROUPS OF BACTERIA 

Making use of the same Scimples of the surface water and the bottom mud — 
both from the upper and lower layers of it— as taken for the bacterial counts in 
1947. attempts were made to obtain selective cultures of a variety of physiological 
groups of bacteria, viz., (1) aerobic non-symbiotic nitrogen-fixing bacteria, (2) 
anaerobic non-symbiotic nitrogen-fixing bacteria, (3) nitrite-forming bacteria, (4) 
nitrate-forming bacteria. (5) denitrifying bacteria, (6) thiosulphate ]>acteria, (7) 
sulphate-reducing bacteria, CH) aerobic cellulowse-decomposing bacteria. (9) an- 
aerobic cellulose-decomposing bacteria. 

Methods. To determine whether Azotobacter is present, ASHBY s solution 
{see Fred and WAKSMAN, 1928. p. 20) placed in a shallow layer in Erlenmeyer 
flasks was inoculated with the water or mud sample. As a test for Clostridium, 
a deep layer of Wl NOG RADS KY’s solution ( WINOGRADSKY, 1902) in large test-tubes 
inoculated with the sample was incubated after pasteurized previously at 80® for 
10 minutes. For nitrite- and nitrate-forming bacteria were used WlNCX^RADSKY's 
solutioiuscc Fred and WAKSMAN, 1928, p. 22) and Fred-DAVENPORT's solution 
(Fred and DAVENPORT, 1921) respectively, run as a shallow layer into Erlenmeyer 
flasks. The cultures were tested for ammonia and nitrites for the former bacteria 
and for nitrites and nitrates for the latter from time to time over a period of 
incubation. The presence of denitrifying bacteria was confirmed by inoculating 
the samples into test-tubes filled with GiLTAY's solution (see FRED and WAKSMAN, 
1928. p. 25) and testing at pn)per intervals for ammonia, nitrites and nitrates, 
gas evolution being also taken into account. In the test for thiosulphate bacteria, 
BEIJERINCK’s solution {sec FRED and WAKSMAN, 1928, p. 28) was used for 
ThiobaciHus thioparus and WAKSMAN's solution (WAKSMAN, 1922(3f) for Th. 
thiooxidans. Erlenmeyer flasks being here employed. The test for sulphate-reducing 
bacteria was carried out by the use of VAN Delden’s solution (VAN DELDEN 1904) 
with which stoppered bottles were entirely filled. For aerobic cellulose-decomposing 
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bacteria the samples were inoculated into DUBOS’ solution (DUBOS, 1928) with 
which test-tubes were partly filled and into which a strip of filter-paper was in 
part immersed. For anaerobic ones test-tubes were filled with OmelIANSKI’s 
solution (OMELIANSKI, 1902), the filter-paper being wholly dipped therein. 

The tests for ammonia, nitrites and nitrates consisted in colour reactions 
with Nessler’s reagent, TROMMSDORF’vS reagent and diphenylamine reagent, 
respectively (see FRED and WAKSMAN, 1928, p. 50 et seq.). 

As a rule, the cultures were incubated at about 20^ for three weeks. It has 
been mentioned already that the water temperature at the deepest bottom may lie 
at about W"' even in midsummer. Hence this incubation temperature is obviously 
above the temperature at the bottom of the pool. 

Results Obtained. Out of a number of bacterial groups tested for. only the 
denitrifying bacteria was found to be present not in the mud alone but also in 
the water, there being no evidence that any of the rest inhabited the water or 
mud. This indicates that the biochemical changes due to bacteria are on the 
whole inactive in this jiool 


FUNGUS FLORA 

While lake bacteriology has gone to some extent, little attention has hitherto 
been paid to the fungus population of lakes. The mycological aspect of a lake 
necessarily involve4s two questions : What becomes of fungus spores brought on 
the lake surface by wind or incorporated into the lake water with the drainage 
water? Is then^ any active fungal growth capable of effecting changes to speak 
of in a lake? Quantitative and qualitative studies of the fungus flora in lakes 
are the necessary first steps to an understanding of the fate of the fungal con- 
taminations and constitute an approach lo the solution for the problem of whether 
fungi lead an active existence in the lake. My work in this line presented here 
throws some light on the presence of some fungi active in the mud. 

Filamentous fungi were counted in the same mud sample as used for the 
bacterial count. Plate counts made of fungi after 4 days’ incubation at room 
temperature (18-24®) using WAKSMAN’s acid medium (WAKSMAN, 1922^0 Rave 
36,550 fungi per gram of the dried surface layer of mud in 1941 . 

In the years 1947 and 1949, the fungus flora, too, was reinvestigated together 
with the bacterial flora mentioned above. The water gave 7 and 8 of fungi 
per c.c, 1,157 and 2,268 fungi were counted per gram of the dried surface layer 
of mud, whilst in the deeper layer there was found no fungus whatsoever. This 
latter fact would naturally be expected in view of the oxygen deflciency in the 
mud, where fungi which are, as a rule, aerobic aie unable to exist. 
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On identifying the fungus species developed on the plates, I noticed an inter- 
esting fact. In the bottom mud the fungus flora is restricted a great deal and 
dominated by a few forms, whereas a great variety of species are found in the 
water, no particular fungi being numerous. The dominant organisms in the mud 
/are a species of Mortierella belonging to the Mucorales but characterized by the 
Jack of columelJae, and a blue-green species of Penicillium. As many as 28 per 
cent, of fungus colonies developed on the plates were found to be those of 
Mortierella and 25 per cent, the penicillium, both together being roughly half 
that of the total colonies. The remainder of the fungus colonies were represented 
by a limited number of fungus species, that were present only in small numbers 
without exceeding 4 per cent. Such, for example, is the case of Trichoderma. 
It would seem likely that the colonies of fungus sp>ecies other than the two pre- 
<iominating ones, say Trichoderma, were derived merely from quiescent spores 
which had fallen on the pool surface and deposited on the bottom at a relatively 
recent time since which no much time had ever elapsed to destroy their germi- 
nating capacity. These fungi are unlikely to be distributed in the mud as active 
mycelia: Direct microscopic examination of the mud yielded no information in 
mycological respects. 

In contrast with the preponderance of certain forms in the mud, the water 
contains a fungus flora rich in species without one or more particular fungi being 
dominant. This is the case with the air over the pool, too, much the same 
colonies as from the water being seen on the plates exposed to the air. Such a 
close resemblance between the pool water and the atmosphere regarding the 
fungus flora would seem to admit of no doubt that the fungi in the water of this 
pool are, for the most part, to be regarded as mere spore contaminations from 
the air. 

Reverting to the distinctive fungus population of the surface layer of the mud, 
consideration of the predominance of the two species of fungi mentioned and the 
consequent paucity of other forms, unlike the wealth of fungi in the water, leads 
me to suppose that the mortierella and the penicillium are tolerant of the oxygen 
deficiency to some extent, whereby they may attain a growth in the mud fitting 
into a more or less anaerobic existence. In default of experiments on their be- 
haviour to varying oxygen concentration, it, of course, is impossible to make further 
statements. But in the light of these facts it would seem clear that certain fungi 
may maintain themselves in the bottom mud of a lake. 

Yeasts, including those giving rise to red colonics prominently displayed among 
others, were met with on die adkl plates for the common fungi inoculated with 
the water or the mud. That they are air-borne was ascertained by exposure ot 
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sterile plates to the air on the pool. 

Search was made for aquatic fungi of Saprolegniaceae and myxobacteria in 
the surface layer of the bottom mud. In every case, however, negative results 
were given. To test whetter the aquatic fungi are present, a small quantity of 
tap-water with the body of an insect was run into each test-tube and inoculated 
with the mud after sterilization. In the course of a week no development of 
saprolegniaceous fungi occurred. For the test for myxobacteria, hare droppings 
were placed in Petri dishes lined with wet cotton -wool for the sake of secured 
humidity, sterilized and inoculated with a suspension of the mud. In spite of a 
prolonged incubation, no fruiting bodies of myxobacteria appeared upon the drop- 
pings. In view of these facts it seems likely that none of the organisms mentioned 
is present in these pools. 

Finally, I would like to mention something of the results emerging from an 
inquiry conducted for fungus strains possessing antibiotic propert^s among those 
isolated from the water and the mud of this pool. Out of no less than 30 fungus 
cultures of a variety of sF>ecies, two strains of Trichoderma were found to exert a 
marked bacteriostatic action against both Staphylococcus aureus and Escherichia colt. 
Besides them, a number of both gram-positive and gram negative bacteria as well 
as acid-fast ones tested are also inhibited their growth. It is now under investi- 
gation whether it is due to gliotoxin known to be characteristic of Trichoderma 
and some others {vide WAKSMAN, 1947), the result of which will be detailed in 
the future. 

In concluding this third part I desire to offer my thanks primarily to Prof. 
Dr Y. YOSHII for his kindly help throughout the investigation. I gratefully 
acknowledge Prof. Dr M. KUROYA and Dr N. ISHIDA for their unstinted help as 
regards the inquiry for antibiotics. 1 also wish to record my indebtedness to 
Prof. l>r T.KAWAMURA and to Prof. Dr M. UENO of the Otsu Hydrobiological 
Station for permission to work in the library there. Opportunity may here be taken 
to express thanks to the late Dr S. YoSHIMURA, whose loss we mourned recently, 
for a great deal of help since there was commenced my study of lake bacteria. 

SXjmCARY 

1. Plate counts gave 1,370, 550 and 1,220 bacteria, including actinomycetes, 
per c.c. of the surface water in summer-time of three different years, and, on 
the other hand, 1,011,500, 91,670 and 824,742 per gram of dried superficial mud on 
the deepest bottom, somewhat less bacteria beneath. 

2. While a moiety of bacteria in the pool water are pigmented, mostly 
yellow, chromogenic bacteria are altogether absent from the mud deprived of 
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oxygen, whose presence is. in all probability, indissolubly connected with the pig- 
mentation. 

3. The number of periphytic bacteria declines markedly with the depth 
down to 1/27 of that at the surface, whereas plate counts of the surface and 
bottom waters? show a ratio of 10: 7. It follows from this, that the submerged 
slide method refers largely to the bacterial activity. 

4. Apart from denitrifying bacteria, various groups of bacteria tested for 
are found to be lacking. At all events, therefore, biochemical changes brought 
about by bacteria are on the whole inactive in this pool. 

5. The fungus population of the mud confined to the surface layer is dom- 
inated by a species of Morficr^lla and a penicillium. presumably tolerant to 
some extent of the oxygen deficiency, unlike the rich fungus flora in the water 
which reflects that in the overlying air. It would seem likely that the two forms 
of fungi mentioned are more or less active in the mud, while the others as well 
as those in the water and the air are considered to be merely spnjre contamina- 
tions. 

6. Out of a variety of fungus strains isolated, two of Trichoderma were 
found to produce a bacteriostatic substance. 
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ACTION POTENTIAL AND CONDUCTION OF 
EXCITATION IN THE LEAF OF MIMOSA PUDIOA. 


BY 


TAKAO SIBAOKA 

Tdh )lti UairrrHltyt StOKUiii Jdpni. 
(With 7 Text-figiirewO 
(Ileceivcnl August 31, 1949) 


On the action current or the action potential in cells and tissues of plant, 
there are many in teres tinj? studies such as on Nitella and on sensitive plants as 
Mimosa, and the applicability of the latv of excitation as in the nerve or the 
muscle has been proved. Amonp others Mimosa pudica has been studied by 
many investigators in connection with the interesting phenomena that the leaver 
react rapidly to stimuli and its reaction is not only confined to the stimulated 
part but also can be conducted through the whole plant. Various theories have 
been advanced on the mechanism of the conduction of stimulus or excitation. 
Recently the action potential (negative change) which accompanies the conduction 
of excitation in Mimosa was proved by BOSE and UMRATH, and it is suggested 
that tlie conduction occurs by the propagation of protoplasmic excitation, just 
as in the case of nervous impulse in animals. 

The writer has investigated the excitation and its conduction in the leaf of 
Mimosa pudica. The results herein desc*ribed concern the pattern and the nature 
of action potential led off at various parts of leaf and the general manner of 
excitatory conduction. 

The apparatus used in recording of the potential change consists of the 
string galvanometer (EdelmANN's small type) or the electromagnetic oscillograph 
(YOKCXJAWA's N-3 type with H-type vibrator) (Fig. 1) and the direct current 
amplifier. The oscillograph is used to record simultaneously the potential changes 
of two points of the plant. The electrodes used to lead off the action potentials 
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2 A. DlH^f raniniatic ropreHi'tit at ion's <>f llio action polcMitial ciirvos UmI ..tf on varionn 
pointH of (lie leaf of MiiDn^t }>n'll('i. Arrangement of each electrodes an* Hh>\sn m Fiir. J B. 

Time of stimulation by heating on Sihn in Fig. 2-IT .V: m -wave reaclu's to sub 
pulvinuH. F: s wave reaclus to sub pulvinuH. Z: rn wave rt^ache^ to main puIviiuiH. -If: 
Occurrence of (urgor variation in the main pnlvinuH deaf inovement,\ 

Fig. 2 B. Schematical diagram of a leaf of pudira and arrangement of tiie 

leading electrodes CHee Fig. 2 A). «: Htem. my^/rmain pnlvinns. inp: main fH*tiole. x//: '^iib 
pulvinus sab peti<ue. (/2: laminar pulvinun. /: leaflet. SHul: 'J'he piint to be stiinulated 
by healing. 


are of three kinds: (1 ) a platinum-iridium needle (0.15 mm. dia. ) inserted into the 
tissue, (2) a fine silver wire coiled around the petiole with additional covering 
of moistened cotton thread, and (3) a wet cotton thread which connects the 
petiole with Cu-CuS 04 -ag:ar type electrode. No disturbances were caused by the 
ifrade of unpolarisability or by different kinds of electrodes on the process of 
action potential. 

The potted plant is shielded from electromagnetic disturbance by covering 
with a grounding? case made of tin-plate and wire gause, and is illuminated by a 
2()0 W lamp. In the majority of experiments one pole of the amplifier connects 
with a point of the leaf, and the other with a copper plate (5 x 5 cm.) stuck into 
the soil of the pot which keeps the potential approximately constant (FiR.2-B). 
The leaf of Mimosa pudica consists of three parts, a main petiole, one or two 
pairs of sub-petioles and many leaflets, of which at each basal portion is a 
motile organ, the so-called pulvinus (Fig. 2-B). 

The action potentials to be led off on the main petiole have the simplest 
pattern and the largest magnitude, as shown in d and e in Fig. 2-A. They 
occur in the cases of heating stimulus (to touch slightly with burning joss-stick) 
-applied on the leaflet, sub-petiole, or main petiole. But in the case of cooling 
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tto apply a drop of about PC ice water) or electrical (to apply a single shock 
of open induction current) stimulus, they (x:cur only when it is applied directly 
on the main petiole. In these cases the action potential does not show a s)ow 
variation, here called As-wave"', which occur after a quick change of regular 
form (called “m-wave"). The result of cutting stimulus is similar to that of 
heating, but occasionaly there apjxiars a rapid conduction (60--'100 mm. /sec., 
called “ r wave ”) The action potential accompanying this wave has not yet 
beeJi proved clearly. 

As described above, conductions in the leaf of this plant occur in three 
types, slow (s-wave), moderate (m-wave) and rapid (r-wave) conduction. The 
shorter the distance from the leading electrode to the stimulating point, the 
less the interval between w-wave and 5-wave of action potentials on the main 
petioles. From this fact it is clear that the rate of conduction of m-wave is 
higher than .s-wave. From calculation the rate of conduction of the w-wave is 
20^30 mm. /sec., and that of .v-wave 2'^3 mm. /sec. (see the next report). The 
characteristics of excitation in cases either of heating or of cooling and electri- 
cal current is as follows- The former produces m- and s-wave, passing through 
the pulvinus, while the latters produce w-wave only and do not pass through the 
pulvinus. These facts may be proved by the simultaneous records of action 
potejitials on the basal end of the sub-petiole {a in Fig. 3) and on the upper end 
of the main petiole {b in Fig. 3). When the sub-petiole is stimulated by cooling, 
/w-wave appears in a, but not in b, while the stimulation thereafter by heating 



'A ^ t ’ ^ ^ ^ ^ 


Fig. 3. Curvee of Hction led off eiinultaneouHly from oIoctrochN (t, and the 

text). Time markn 1 w>c. Apart. 
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on the same point produces 5 ’Wave in both points a and b. It is noteworthy", 
however, that some indication of m-wave may be found on s-wave in b, and 
starts later than 5 -wave. From these results it is clear that s-wave can pass 
only through the sub-pulvinus, producing w-wave in the petiole. Therefore, to 
trace the excitation through the whole leaf the stimulus which can produce 
5'Wave must be applied, as already suggested by HOUWINK (1935). 

As shown in Fig. 3, s-wave has a long duration and an irregular form. 
HOUWINK called it ‘‘the variation”, and a.ssumed it to be due to movement of 
Stimulating substance, distinguishing it from “ action current UMRATH consi- 
dered it as “ Aktionsstromgruppen Now it is proved by the writer, that 5-wave 
is distinct from w-wave in its mode of conduction. 

The w-wave in the main petiole has a regular and simple form, and it is 
similar to the action potential in the nerve, thus it presents an interesting study 
in physiology of excitation. When the main petiole is directly stimulated by 
cooling or by electric current at its apical part, it prcxiuces basi petal conduction, 
and action }X)tential (w -wave) can be led off on the electrode as in Fig. 4. The 
duration of rising phase of m-waves is 0.3-^0.5 sec., the magnitude —50-^ — 100 
mV. (average: about -80 mV.), and the total duration is 3^5 sec. The final 

part of m-wave is disturbed by the 
positive deflection and the rapid 
bi phasic change ; the former appears 
when the excitation reaches to the 
main pulvinus while the latter cor- 
responds to the occurrence of 
turgor variation in the main pul- 
vinus (movement of leaf) (HOU- 
WINK, SIBAOKA 1947). If the 
movement does not occur, the rapid 
change in w-wave never appears, 
but the positive deflection may be 
found, so that w-wave spreads oyer 
the whole length of the main petiole 
in the usual way (see next report). 
When the leading electrode is brought near to the pulvinus, the distance between 
the time of negative deflection of action potential and that of positive one, 
due to reaction of pulvinus, comes closer (Fig. 5). If the elecmxie further 
approaches the pulvinus the positive deflection represses to the magnitude of 
action potential. 



Fig. 4. Action pitoniiiiftl ftcconipanying 
baHipetaJ in-xlerato condiictioii (m-wave) 
of intiiu petiole. Htinmluw direct co<)jing. 
Time markn 1 hoc. apart. 
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There are some differences between the action potential led off by stuck 
electrode and by coiled electrode. In the latter case' the magnitude of poten- 
tial is 30^40 % larger than the former, and the rising phass is longer. The 
influence of temixjrature on the magnitude of potential is usually negligible, 
with the exception in low temperature (about 17°C. ) where the conduction 
decreases so much that the action potential proceeds slower (longer duration 

of rising phase). No influences 
were caused by the differences in 
the intensity of stimulus and in 
the distance from stimulating point 
to leading electrode on the form 
and the process of action pcjtential 
(m-wave). 

The action pcHential which 
accompanies with the acropetal 
conduction of excitation in the 
main petiole is shown in Fig. 6 (the 
earth electrode set on the sub- 
petiole). Its form and propagation 
do not differ from that of basipetal 
conduction. But when the earth 
electrode is set 'on either two upper 
sub-petioles (II.iJII in Fig. 6). it vshows two positive deflections ( Fig. 6, A) 
when the excitation reaches to the sub-pulvinus If the earth electrcxie is set 
on the lower sub-petioles (I,JV in Fig. 6;, only one ipositive deflection appears 
(Fig. 6, H). 


A ': ' ^ 

r^T T C 

Fig. 6. Dil'foreiice of nuiubt*r,^ of nddilion^l positive d(*flerliou in uc'rofx'lal coiidactioii, 
A. The eartli elt;ctrodt* »et on Hub J I or III. jB. Tiie eailh eloctndo on Hob-ptliclo 

/ or IV- Tinu‘ liuirkn 1 Hi‘C. apart- 





Fiff. Tw<> action pUentiulH recorde<l 
f^yncbronDUKly oji ibr tw<. pi)int^< of main 
petiole. Kloctrodt* o ->c‘l cii 30 mm. and 6 on 
15 mm, above tlu' main pnlvinup. The 
HtixnuluH by diiivJ c^w>ling applied ahtve tlu- 
leading elect okIo-, 'I’inu* mark.s 1 Mce. apnrt 
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Thus on the action potential in the petiole of this plant, the additional 
pi^sitive deflections appear corresponding to the number of pulvinus which exist 
between the two electrodes, so that we can expect the action potential in the 
sub-petiole having a complex pattern. The action ])otential8 which led off 
simultane >usly from two points of a sub i)etiole are shown in Fig, 7. The elect- 
rcjde a was set on tue apical portion of a sub-petiole, and b set on the portion 
l^etween the most basal pair of leaflet and the sub-pulvinus, covering seven 
pairs of leaflet between a and b. The .stimulus was applied on the top of this 
sub-petiole bv cooling. As the figure shows, the action potential of electrode a 

has seven small additional deflections 
of which the first one api>ears during 
the rising phase and represses the up 
Curve of action potential, while the last 
large one corresp^mds to the excitation 
of sub-pulvinus. The action potential 
of electrode b is repressed by positive 
deflection owing to the e.xcitation of 
sub-pulvinus which is close to this 
electrode. If the stimulus is applied by 
heating or cutting, .s-wave appears and 
passes through pulvini, so that action 
potential in sub -petiole gives some 
complex form (Fig.l,^, ^ and c), which 
Consist of n/ wave, .s vvave and positive deflections due to pairs of leaflet and 
both of vsub- cmd main pulvinus. 

As aforesaid, the positive deflection occur when the excitation reaches to 
each junction of any pai ts of leaf (petioles, pulvini and leaflets), where the 
arrangement of vascular bundles must change itself. Accordingly there 
deflections may disturb the seeking of the true process of action potential, 
nevertheless they show the manner of excitatory conduction, and allow us to 
make use of them for the investigation of the rates of conduction (see the nest 
report, SiPAOKA 1950 . 

The writer wishes to express his hearty thanks to Prof. Dr. Y. YaMAGUTI 
for his si!pervisi(m throughout this work. 
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1. The rate of moderate conduction {m~ivatc) in the mam petiole. 

As previously reported rSiBAOKA (1950)). the action potential in the main 
petiole which accompanies the m(xierate conduction of excitation Cwi-wave) has 
^ditional positive deflection due to tlic excitation reaching the pulvinUs. From 
the time difference betvseen the action potential and the positive deflection the 
rate of conduction may easily be determined. 

The rate of conduction, as shown in Tab. 1. densely dei)ends on the maturity 
of the leaf and of the plant. The young individuals given in tables were less 


Table 1 . 
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than 20 cm. in heiglit and with about ten leaves. The mature ones were more 
tlian 30 cm in height and with about fifteen leaves. Each leaves are numbered 
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from top to base, that is from youny: to mature. As Tab. 1 shows, tlie rate of 
conduction is greater hi younger le ives in both cases. The rate of conduction 
also depends strongly on temperature as sliown in Tab 2 ; and it may be skid 
that the temperature coeffi(hents CQ:u) are related to maturity. 


liable 2 
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'Fhe relation bet vveen the rate of conduction and the intensity of stimulus is 
shown in Fig.l. Fhe stimulation by a single induction shock was applied on the 
apical part of the main petiole, tlie excitation being conducted basipetally. The 
leading electrode was placed on the middle portion between the stimulating point 
and the main jiulvinus. The rates of conduction are determined in two ways. 
The first is the measuring of the time interval between the sign of induction 
sh<ick and the beginning point 
of action potential (V7). and 
the second of Uie time inter- 
val of the beginning point of 
action potential and the posi- 
tive deflection (]/,;. The inten- 
sities of stimuli are express- 
ed by the distance (cm.) be- 
tween primary and siecondary 
coils of inductorium. When 
the stimulations are weak, K,- 
value is smaller tlian F. -value, but when the stimulations are .strong, Wvalue 
is larger than F^-value, while where stimulations are moderate, 17 equals V7. 
The flgure seems to show that Fj-value decreases reciprocally with the increase 
of intensity of stimulus. This decreasing, however, appears even with no stimulus, 
during the course of time after the plant was set under the artificial light, so 
evidently Ta-value does not depend on the intensity of stimulus. There are some 
indications, on the other hand, that in the neighborhood of the stimulated part 
the rate of conduction is influenced by intensity of stimulus, while in the distant 
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parts independency prevails. It is very probable that, in the case of strog stimu- 
lation, there occurs “current spread ” in the parts neighboring the stimulation. 
Otherwise the rate of conduction df>es not depend on the kinds of stimuli ; 
UMRATH (1937) also came to the same conclusion. The magnitude of action 
potential is, however, soinewlial smaller in the cavse of weak stimuli, w^hile it 
does not increase in the case of strong stimuli. 

The above mentioned results were obtained by the following experiments 
Three leading electrodes are set at equal distances between the stimulating 
electrode at an apical end of the main petiole and the main pulvinus. so that the 
whole length of the main f)eliole is divided into four equal sections, numbered 
from top to base. All leading electrodes are connected with one electrometer, so 
that the oscillogram rn w ill record the induction shock, three action x>otentials and 
a positive deflection. It was formerly confirmed that no effect is evident on the 
rate of conduction due to short-circuiting of the electrodes, which may allow' the 
measurement of rate of conduction in four sections respectively. Fig. 2 shows the 
result in the case of sections w'ith a 
length of 12 mm, each. The influence of 
intensities of stimulus is only confined 
to the section connected to the stimu- 
lating elec tnxle (vsec lion / in Fig. 2), and 
in other sections the rate of C( induction 
is constant. This behavior may be due 
to the ground where the weak stimuli 
may induce slow' conduction, but the 
acceleration of conduction due to the 
gradual increase in the quantity of excit- 
able units makes the velocity constant, 
while a strong stimuli may cause the 
current spread, so that the rate of conduction may appear larger than the true 
value. 
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All the results above jariven were for basipetal conductions; similar results, 
however, were found for acropetal conductions CTab. 3) 

2. The cutting operation and the transversal spreading of excitation. 

When a small portion of the main petiole is half cut in V-shape in cross, 
the conduction of excitation is usually interrupted there, reappearing, however, 
after several hours with a smaller rate of conduction through the connecting 
intact portion. By the method shown in Fig. 2, the rate of conduction in the 
half Cut portion is estimated and compared with that «>f the normal i>ortion 
(Tab. 4). Tab 4 shows that the velocity of conduction decreases only at the 
half cut portion, with its latter acceleration in the succeeding normal portion. 


Table 4. 
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In other words, conduction is slowed down on that 'part where excitable units 
are fewer than in the normal part, while it is accelerated during the propagation 
through the portion which has normally more excitable units. These phenomena 
appear not only in the case of the cutting operation, but also in the case of 
sticking some needles into the petiole; in the latter case, however, the m(;re 
numerous the needles, the less the velocity of conduction. The acceleration of 
conduction seems to be realized by the multiplication of excitable units which 
is connected with the transversal spread of excitation, as the following experi- 
ment vshows. 

The petiole is vertically split into two parts to about 1 cm. below the apical 

end, one electrcxie is set on the portion 
below the two separated parts ( A in 
Fig. 3). and the other on the apical end 
qi the split petioles (B). Then action 
potentiate of both A and B are symchr 
onously recorded. When the stimulation is 
on the apical end of the other split CS in Fig. 3), we can catch the action 
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potential at B after at A. This fact may be accounted for the ^cround where 
the exciitaion starts and is conducted basip>etally from the stimulated point, while 
at the base of the two split parts it transversely spreads out t(^ the part which 
is not yet excited, and begins to anew the acropetal conduction from the elect- 
rode B, The rates of conduction from A to the main pulvinus ( P) and from A 
to B, togetner with the magnitudes of action potentials of A and P, are given in 
Tab. 5. Both the rates of .conduction and the magnitudes of aciion potential m 
the split part are smaller than in normal parts, which may indicate that the mag- 
nitude of action potential is conditioned by the quantity of excitable uuits. 


Table 5. 
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3. llu' nunieraic cofulurtions in the suh-pe(ioh\ 

The rates of moderate conduction in the sub-petiole are smaller than those 
of the main petiole, being about 9 mm /sec. in the mature leaf at 30®C. The 
difference in the rates of conduction t(>ward 'aero- and basipetal directions are 
not found as in the main i^etiolc, the excitation, however, is not conducted 
constantly, having a higher conduction velocity in the more basal parts. On the 
action potential curve in the case of basipetal conduction we can see that (ref. 
Fig. 7 in previous report), the time interval of the small deflections which are 
caused by pairs of leaflets becomes less and less, while in the case of acropetal 
conduction the reverse is true. These behaviors may be explained by that owing 
to the formation of many leaflets on the sub-petiole, the quantity of the excit- 
able units in the latter decreases in the direction fi^)m base to top. corresponding 
to the decrease of size of the sub-{>eti()le in this direction. In the middle portion 
of the sub-petiole, having 6^12 constant intervals between pairs of leaflets, 


Table 6. 
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we can easily confirm the difference in the rates of conduction between the basal 
half and the apical one, as shown in Tab. 6. 

4. The refractory phase. 

In majority of the experiments in main petiole, tlie absolute refractoty 
period of moderate conduction is estimated at 150-^200 sec., and the relative 
one at 300 ^400 sec. The recovering processes in the relative refractory phase 
at 25"C. are shown in Fig. 4. The magnitude and rising phase of the action 
potential recover more rapidly 
than the rate of conduction. 

This fact seems to suggest that 
when the conductions of all 
excitable units reach a uniform 
level, the m^ignitude and rising 
phase of the action i:K)tential 
attains the normal value, so 
that the plant is not freed 
from the relative refractory 
period, until the velocity of 
excitatory conduction in every 
unit completely recovers. The 
absolute refractory j.x^ricxi on 
the stimulated irortion. on the 
other hand, is shorter than that of the other portions, being about 20 sec. 

5. Summary^ 

(1) In m^xierate conductions of excitation in the main petiole of Mimosa 
pndica, there is no difference between the conductions toward itwo 'directions, 
acropetal and basipetal (see Tab. 3). 

(2) The rate of conduction closely depends on the maturity of leaves (Tab. 1) 
and on the temperature (Tab. 2); with the exception in cases of neighboring 
parts to stimulated portions, It is independent on the strength of stimuli (Fig.l). 

C3) The excitation propagates decrement less ly in normal state through the 
whole of the main petiole with a constant velocity CFig. 2), though in some cases 
acceleration of conduction may occur (Fig. 2 and Tab. 4). 

(4) The velocity oficonduction and the magnitude of action potential in one 
half of a vertical split of the main petiole, are less than the normal value 
(Tab. 5). 
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(6) The excitation spreads transversely at the p(}Sition connecting? two splits 
(Tab. 5 and Fi^. 3). 

(6) It is assumed that, there are several numbers of excitable units in the 
petiole which may I:>e appointed in cn^ss section. If the quantity of units is 
decreased in some way the velocity of conduction and the matfnitude of action 
potenital also decrease. The transversal spreading of excitation from excited 
unit to the non-excited one, causes the acceleration of conduction. 

(7) The recovering process in the relative refractory phase also supports 
the assumption of the existence of several excitable units 

The writer is geartiy indebted to Prof. Dr. Y. YAMAGPTI for his kind super 
vision during the course of this work 
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I. Einleitung' 

In meiner vorij^en Mitteilung zog ich den Tages- untl Nachts-N Gehalt in 
Betracht in Zusammenhang mil dem Sauregehalt der intakten Hlattspreite von 
Begonia Evansiana ANDB.. die mittels Wasserkultur gezogen wurden. Tn dieser 
Mitteilung beschdftigt es sich nun hauptsachlich mit den Versuchen iiber das 
\^erhilltnis zwischen dem N-und C-einerseits und dem Sauregehalt der genannten 
Pfianze anderseits. die wegen des Zeit- und Materialsmangel bisher unterblieben 
sind. Und zwar wir wollen jetzt feststellen : 

1. Die Schwankung des Sauregehalts in ein imd derselben Hkittspreite wahrend 
des ganzen Tages. 

2. Die gegenseitigen Schwankung der Saure und der verschiedenen N-Fraktionen 
inner halb der Tages- bzw. Nachtszeiten. 

3 Eventuellen Unterschied zwischen den abgevschnittenen und intakten Rlatt- 
spreiten in der genannten Beziehung 

4. Verschiebung der Menge der verschiedenen N-Fraktiunen zur Siiure I:)ei 
kiinetHcher N-Anreicherung. 

0 Bio Uier mil tfoioUlcii P'rtrtrUujN^.* boiahon in diT UnuptMichc* »af N'omvU'iK a <li<' in doii 
Jabreu aut^el'uhrUMi wunlcn. Wogou des pensTailioheu (G' 0 !ido.s de^ \ 

fQr den Jahreu 1 \>7-l'M8 wurde die Verofteutlicliuug Mark YerZ'Xarl, 
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5. Gegenseitige Schwankung der Slure und der ve:*schiedenen N-Fraktionen beim 
Kohlenhydra tm ange] . 

6. Das Verhaltnis der Schwankungen des Zuckergehalts infolge kiinstliches 
Kohlenhydratmangels zur SMuremenge. 

/ 7. Den Ck^halt der Saure^ und der verschiedenen N-Fraktionen bei der mannlichen 
. imd weiblichen Bldte. 

8. T>ie Atmung in ihrer Beziehung zum C und N-Stoffwec'hsel. 

II. Versuchematerial und Arbeitsmethode. 

AIs Versucbspila nze diente mir auch hier wie in rneiner voriKen Alitteilun^en 
ICr.fiixi'tii'f \M)i;.,deren Bulbillen am Ende Oktober des vorij^en Jahres gesammelt 
und nach derselben Kulturmfethode wie beiden vorigen Versuchen gezogen wurden. In 
der kiinstliclien N.ihrD)Sjng, liber die auf die I. Mitteilung zu beziehen ist. gedieh die 
VersuchspfJa nze sebr gut und zwar bis zum Ansetzen der Rlnten Seit dem Jahre 1934 
kam icb im Stande zu sein. irnmer die Versuchspflanze so gut in Wasserkultur zu 
zieben, wie sie 80cm. hoch erreichte und eine grosse Menge der reifen Samen trug. 

A. Bestimmung der Oxalsiure und der N-Fraktionen. 

Zor Bestiminung der in w asseri Oslichen und wasserunl Osliciien Formen existierenden 
Oxalsiure und der ('» N-Fraktionen wurden dieselben Mikromethode angewandt, die sich 
in rneiner vorigen Untersucliungen als zuverl issig erwiesen batten und in der betrcffenden 
IMitteilung naherer beschrieben wurden. 

B. Bestimmung des Zuckers. 

Es gibt zahlreiche Zuckerbestimmungsmethoden , doch jeder Methodc haftet zwar 
die grosse Vor- und Nachteile an. Fur meinen Zweck kommt nur eine Mikromethode 
ins Betracht. Nacli langen Vur versuchen fand icb die il vukjiohn Methode 

zur Rlutzuckerbestiminung auch bei uns^ren Fall mit Bcgonien am geeignetesten und 
zwar mit einigen kleinea Modifikationen f,lr die Analyse der einzelnen Zucker. Diese 
liusserst empfindliche Methode. die den Zucker als Glukose bis zu 0 02 mg erfassen l.isst, 
bedarf aber ciner !"biing. Es ist daher dringend zu empfehlen, vor der Bestimmung 
des Zuckergelialts im Pfl anzenrnateri al eine Anzahl von Fbungsanal ysen an reinen 
Zuckerarten und an beliebigem Material vorzunehmen 
a. Allgemeine Bemerkungen. 

Nun wollen wir zunachst einige Bemerkungen auf die zur Bestimmung notwendigen 
Reagenzien, Extraktion Aufbewahren, Reinigung und Hydrolyse des Extraktes zufdgen. 
Der Titer der friscb bereiteten Natriumthiosulfatlosung ist bekanntlich nicht konstant. 
Einigen Tagen kann der Titer gleich bleiben, aber er wird ganz .allmuhlich irnmer 
schwacbcr. Die Haltbarmachung des Titers von n/2CK) Natriumthiosulfatl Osung durch 
den 0.2/^igen Natriumfluc^rid war nicbt vollkommen und es Hess 1 ingstens nur eine 
Wgche lang unverfmdert, sod ass irnmer eine gelegentliche Kontrollierung nbtig war. 
Dagegen war n 590 Kaliumjodatl Oeung, die zur Einstellung der n/200 Natriumthiosul- 
fatl isung benutzt wird. Innge Zeit haltbar. Um die KaliumferricyanidlAsung, die vom 
Zucker reduziert wird. %orher alkalisch zu machen, benutzte JIaoeouhn’ und jKxeKN das 
Natriumkarbonat. Aber in meinen Versuchen benutztes Reagens abweicht von 
llvu:i)oKN Ji:\si:\>( li»*i Originalmethode in dem Punkt, daes das Natriumkarbonat 
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beseitigt wurde ab^esondert stellte ich zwar 10%if?e Natriumkarbonatli sung her und 
von dencn wurde eine begtimmte Anzahl Tropfen kurz vor der Analyse zum 
Gesamtgemisch zugegeben. Die Zinksulfat-Natriumchlorid-Jodkaliumlnsung sollte nur 
in kleinen Menge vorratig gehalten werden; gelegentlich wurde sie trotzdern alimjihlich 
gelbbraun gefitrbt. aber hat kein Einfluss auf die Zuckcrbestimmung. da das abgeschie 
dene freie Jod durch den Blind versuch mitbestimmt werden kann. Die n/lO NaOfI 
und 0.4%'^ige ZnSD^-Lrsung wurde jedesmal kurz vor der Anlyse aus Stammlosung (T 
nNaOH und 4 5 JV >^nSO.,), die immer vorr;itig war, hergestellt. Die l<“slicl»e Starke 
wurde, wie l i.mi empfohl, nicht in ges >ttigter Natriumchloridlnsung, sondern bloss 
in destilliertem Wasser gelTst und vor jeder Analyse neu hergestellt Urn die Fehler- 
grenze, die bei Verwendung kleiner Menge Keagenzien enger verbunden sind, mAglichst 
herabzusetzen, habe ich eine schwache NormallTsung als die der Originalschrifte 
verwandt; stntt einer n/200 Kaliumferricyanidi: sung stellte ich eine n '500 Lrsung und 
dementsprechend auch eine n /500 Kaliumjodatl sung her. Die Natr iumthiosuIfatl"s\mg 
liess ich aber n/200 als solche blciben. urn von untl .T!'\^i;\ ausgearbeitete 

Ta belle benutzen knnnen. 

Die zur Titration verwendete BOrette, die von ri.iK i empfohlen wurde und mit 
automatischer Fi'dI vorrichtung versehen ist soli cine moglichst spitzenausgezogene 
Ablaufkapillare besitzen und die Aussenwand von Kapillare mit gereinigtem Paraffin 
bedeckt sein, um sie vor Benetzung zu schntzen und bequern noch etwa 0.01 cc Fliissig- 
keit abmessen zu k< nnen. Ktw^a an die Btirette angelegte Gummi verbindung muss sich 
zuvor sogenanntem kOnstlichem Alterungsprozess unterzogen sein; frischer (rummisch- 
lauch ist h.Mufig die Ursache von Fehlern Die Aussenseite der Flasche fur Natrium - 
thiosulfat- und Ka liumferricyanidl'sung wurde mit schwarzer Ernailfarbe die die Lr, sung 
vor Licht'zutritt schutzt. bestrichen und lede Flasche war mit Natronkalkruhrchen, das 
die Lusung vor Kohlensaureabsorption scbntzt, versehen. Ich nahm die Einstellung 
der Natriumthio^ulfath' sung nach ri,E\h\M:ii in folgender Weise vor: 1 cc einer frisch 
bereiteten 505\)igen JodkaliumlTsung wurde mit bcc n/200 Kaliumjodatirsung, sowic mit 
etwa 50 cc Wasser vermischt Nach Abpipettieren wurde sie mit 2 cc einer etwa 
7.5%iRtn Salzsnure titriert. Gegcn Ende der 7 itration , d ie durch Entfarhen der Unsung 
erkannt wird. wurden 2 Tropfen der I^'igen Stjirkcl<“sung zugegeben. 

Die Bestimmung der Saccharose kann in einer reinen Lrsung ma kromethodiscli 
gescTiehcn, z.B. mittels der Polarisation, des Saccharimeters, durch Kristallisation aus 
Athanol, durch Fallen mit Strontiumhydrox > d , oder schliesslich durch Verg.iren. Diese 
Methoden sind aber zur Mikrobestimmung im Pflanzenmattria 1 nicht geeignet. D,a 
abef einerseits die Saccharose selbst ktinc reduzierende Eigenschaft mehr hat^ und 
andererseits ohne Schwierigkeit in Glukose und Fruktose zerlegt .werden kann, ist die 
H \(,KnouN Mikromethode zur Blutzuckcrbestimmung auch fur die Analyse 

der Saccharose brauchbar. In Bezug auf die Zerlegung der Saccharose gibt es mehrere 
Verfahren, u. a. die Vergaren, Hydrolyse oder Inversion. GewOhnlich bedient man sich 
aber der Hydrolyse oder Inversion die durch Erhitzen mit Siiure oder durch Einwir* 
kung der Fermente bewirkt wird. Vor und nach der Hydrolyse der Saccharose wird 
mit obenerwilhnten Glukosebestimmungsmetlioden der Zuckerwert ermittelt und aus der 
Differenz die Saccharose errechnet, die im allgemeinen zu 100^ wiedergefunden wird. 
ttber die Silurehydrolyse sind in chemischen und botanischen Literaturen die mannig- 
fflltigsten Angaben zu finden. Die Art der Saute und Ihre Konzentration, die Tempe- 
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ratur und die Daucr der Hydrolyse sind sehr verschieden. Fi’ir uns hat slch die von 
'J'oixKNAAK angewandte Methode a Is die gfmstigste erwiesen und ich fand^ dass die 
Saccharose in der L )Sung odfer Pflanrenextrakle bei 70 C innerhalb 5 Minuten 
voUkommen von 2.59^iger Salzs lure hydrolysiert wurde. Die Bestimmung der Saccha- 
rose sowohl in reiner als auch im Gemisch mit Glukose hat die erwarteten guten 
Ergebnisse geliefert; dieser Zucker wurde also innerhalb der H ydrol ysezeit von der 
Salzstiure in hier angewandten Konzentration nicht angegrifftn (Tab. 1 und 2). 
Bcmerkt sei, class die in dieser und den folgenden rabellen wiedergegebenen Zucker werie 
au8 der Reduktion in die Glukose umgerechnet angegeben sind. 
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lierechnet als Ulubme 


Die leichte Verarbeitang der Zucker im Atm ungsstoff wechssl drungt auch eine 
raache Analyse des abgenommenen Materials, sodass das frische Material in gewissen 
Falien durch Zuschneiden, durch Mahlen oder durch Reibcn unter Sandzusatz zerkleinert 
werden muss. Die schnelle Verarbeitung iat jedoch bei grosjsren Serienuntersuchungcn 
nkM immer leicht zag.mglich. Es iit daher das Abtciten der Enzyme im Pllaiizenma' 
terial erfordcrlich, was durch erhohte Temper atur oder durch ‘GUtatoife erreicht werden 
kann. Besonders in neuerer Zeit haben aber mehrere Fors^her das Trocken unterUsste. 





DIK lUKDUXG OHUANlfc^CHEU SinUKX. IH. 


381 


da bei AnwendunR h "(herer Temperaturen die Gefahr besteht, dass dadurch einig« 
Pflanzenbestandteile zersetzt und den Einflnssen auf die Kohlenhydr ate bzw. auf deren 
BestimmnnK gelten gemaclit werden. Wenn das Pflanienmaterial stark sauer wr>re, 
wie in unserem Falle, so iat die Subslanz \ or der Extrahiernnij durch Zerreil>«n mit 
einem Zusatz von Calzinmkarbonat zu neutr alisieren oder die Anwendang eines 
Giftstoffcs vorznziehen. T/n einen reinen Wjssrigen E:5:trnkt Iv^rstellen zu kdnnen, 
bcnutzte ich in den vorliegenden Unters jchiingen als Giftstoffe Vther. Der Athtr bietet 
den Vorteil in aeinen grossen Verdunstungsverm‘'»gen. 

Im allgemeinen werden die Zjcker darcn vthinnl Gxtrahiert, d^as^n Konzentr ation 
und Dnuer dfer Kxtraktion bei den einzelnen Ajtoren von eiiunder abweichen. Athanol 
hat zwei Vorteile, n iinlich die Trennung der l ^slichea Kuhlenhydrate von der Stiirkc 
und die Trennung der Zjcker von verschiedenen si <renden Subst.inzen. Dieser Vorteil 
der nthanoliscben Extraktion a^eht aber einen Nic'itei! gegen iber. Die unentbehrliche 
Abdestillation des Ithanols bei m^gUchst niedriger Badtemperatiir in Vakuum ist 
umst^ndlich, zeitraubend und liat S jbs j nzverlust zar Eolge. Der Athanol 

hisst sich aber ebensngiit durch Waaser ersetzen, denn erstens ist die in der Pflanze 
gebildcte St irke in kaltem Waaser unl'sHch und zweitens besitzen wir bei der wiissrigen 
L“)3ung einc wirksame Reinigungsmoglichkeit durch Adsorption an Kohle. Ekiimwn'm 
A rbeit hat bewiesen, da$s die Starke nach dem S( iiuotiucu 1 schen Verfahren 
C — Toi i.j:n \ vj.’Schen V^erfa hren ) nicht extrahiert wird, Wiihrend alle ubrigen Zucker restlos 
gelhst werden Damit ist der wichtigste Vorteil, den die Athanolextraktion bietet, 
hinf iilig^ und dberdies wird der Nachteil *der zeitrnubenden Athanoldestillation im 
folgender Weise vor : Das Blatt wird in einen Glasmorser unter geringem Calziumkar- 
bonat- und Quarzsandz asatz zerrieben, mit dem Waasar aufgesc hwemmt und dreimal 
je 5 Minuten lang gekocht. Die in der Eisschrank unter ToluoUusatz aufbewahrte 
wasarige Pflanzenextrakt nndert ers: nach einigen Tagen den Reduktionswert, wahrend 
die bei der Laboratoriumstemoeratar aufuewahrte Extrakt schon am nichsten Tage 
einen anderen Titrationswert zeigte. Toluol wirkt erst in stirkerer Konzentration 
reduzierend. so dass diese Reduktion unbeachtet bleiben kann. da Toluol ja nur 
tropfenweise zu grossen Extraktsmengen zugesetzt wird und seine L ‘>slichkeit im Wasser 
ausserordentlich gering ist. Soweit es cine quantitativ eindeutige Bestimmung des 
Zuckers in reiner LAsung anbetrifft, so lag der II ac.kdokx J^NSEN.-che Blutzuckerbestim- 
mungamethod^ keine Schwierigkeit. Trotzde n kann mnn nur schwer mit solchen 
Zuckerbestimmungsmethoden. die nicht gen iu auf cine nur am Zucker zukommende 
spezifiache Reaktion wie die Reduktionsfdhigkeil barulit, das einwandfreie Resultat beim 
Pflanzenauszuge bekommen^ da er ausser Zucker eine Anzalil reduzierender Substanzen 
enth lit. Daher muss hier f ir dii Kntfernung oder quantitative Erfassung reduzierender 
Nichtzucker ein Mittel gesorgt werden. Zur Ajsfillung der reduzierenden Nichtzucker 
bedient man sich vcrschisdener Metallsulze, wie z,B. BJeiazetat, Blei , Quecksilber-, 
Calziumkarbonat oder -nitrat, deren ilbersch iss mit Schwefel wasserstoff , Natriumkar- 
bonat, -bikarboaat od«r -sulfat eatfernt w<‘rden kann* Erwulmt sei noch die Fallung 
mit SiUco-Woliramsiure, die MotuK'* rnit gutem Erfolg auf die Untersuchung 

nber NikotinstoffwecbseJ der Tabakpflanae angewandt hat. Nach eignet sich 

vorzaglich d»ie Kahle zur Entfirbung und KUrung der Losung. Und zwar habe ich 
auch ndt der aktiven Kohle cine starkc Verminderung der reduzierenden Substanzen 
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festgestellt. CTabelle 3). 

TABELLE 3 


Nr. 1 

PtlHU7.eU 

(‘\t riik i * 

1 Keinigaiig8 
j iiiiite! 

krelniideiM* 

( b’uk^)8<* 

im?. 

* DifMtM’ PflanzeiU'Xtrakt wurde 

[. ' 

2cc. 

i 

O.OV5 

nach nctie 

2. 1 

r 

! 


\'c‘rfiihren ttUn ;n?ff - Jilatt, 

iltiw ini Dunkel 4 Tage lang 

! 

f 

.Vktiv(' K'»hl(‘ j 

0.036 

Htaml unddtvHen Friscligi'wirht 

4 , ! 

¥ 

ft •/ 1 

o.aw 

eu. 1 ir. war, 

i 

1 

»/ \ 

f 9 j 

0.038 



Bei tiichtigen Nachwaschen mit heissem Wasser wird nber der Verlust an Zucker 
durch die Adsorptionskraft der Kohle hochstens nur auf 1 % der angewandten 
Zuckermenge verringert. (Tabelle 4). Dalier wurde die Kohle als ein vomigliches 
Entfilrbungs- und Reinigungs- und KJarungsmittel in die^en Untersachungen allgemeinen 
benutzt. CKo\ii^ni8Cl»e aktive Kohle). (vergl. Tabelle 5) 


TABELLE 4. 


Nr. 

.’^ngowaudic 

1 <iIukoH<‘ 

1 ing. 

1 HtMivicony’-^- 

iiiiliel 

j <Tt4aiuU‘Uf 

(ilukdJ-e 

1 III?/ 

' n " 

1. 

0 

b 

U1 


0.075 

UV'S-0^ 

2. 

0.075. 

— 

0.074 


3. 

0.075 

Akiive K')bk‘ 

(kO/5 

lO'.rv^ 

4. 

O.C75 

9 ¥ 

0.^"/4 ‘ 

08/, 6 

5. 

0.075 

9 7 

0.075 

ICO.0.5 


0.155 


0.154 


7. 

f'. 155 

Akiivo KobU‘ 

0.154 

1 

0 , ' J '■ S 

8. 

0.155 

¥ 9 

1 

{\I5,; 

‘-8.71 


TABELLE 5 


♦ Biwcu- AuHzug waitlt* imch 
8 €UKoj:deji* ] I oJ( NrK'.he Ver- 

Xr. 

1 i^nunztui 

oxirakt 

* 

|Zuge>A(‘izio Saccu- 
uff >M‘ 1 b(M i‘(.‘hnol 

|hiH ( f )ijk< ) Tr'tr^ 

J TUnt'.iv iiaeli 
Alk’i flydroly-r 
TPcr 

fahrtni HUH Bt.gojria-lW^U, 
diiH iiji Dankel 5 Tagr lang 

1. 

1 2rc. 

1 

1 

(\^-'87 

KiujK.l iind fii Frinchge- 

2. 

2cr. 

' O.f 5; 1 

0.j.'5 . 

wirht cu. I Lr wy r. licrgestrllt . 


2cc. 


0.0.4 


b. Ausfdhrung der Zuckerbestimmung. 

Das gewogene Blattspreitc wurde mit der Schere fein geschnitten und untfer Zusatz 
von Ather einige Zeit lang stehen lassen. Nach Abtoten der Enzyme durch Ather 
wurde das frische Material in einem GIasmr,r9er unter geringem Calziumkarbonat- und 
Quarzsandzusatz gut zerrieben, in 50cc. fassende EKr,ENMf:Yiiii ache Kolben gebracht, und 
mit dem Wasser aufgeschwemmt, Dieser Blattbrei wurde jedesmal nach 5 Mlnuten 
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langcm Aufkochen dreimal mit Washer extrahiert, und zwar nach dem ersten und 
dritten Kochen blieb der Extrakt l/2 Stundc lang, nach dem zweiten Kochen 12 Stunden 
lang stehen. Der filtrierte Extrakt wurde vereinigt. zum Marke d'es 50cc. faasenden 
Messkolbens genau gebracht und unter Zusatz von Toluol im Phsschrank aufbewahrt. 
In einen Pr;)paratglas werden Icc- n/lO NaOH und 5cc. 0.455\) iger Zn504-ir,sung gegeben. 
Ganz genau gemessene 2cc. des Fflanzenextraktes werden in die Zinkhydroxydschwem- 
mung einpipettiert und die Pipette zweimal mit der Mischung ausgespiilt, ausgeblasen 
und die Kohle messerspitzen weise auf Mischung unter Umriihren zugesetzt. Beim 
Blindversuch setzt man anstatt des Fflanzenextr aktcs 2cc. destilliertes Wasser und sonst 
bleibt ganz gleich. Um die reduzierende Zuckermcnge zu bestimmen eintaucht man 
das Prnparatglas etwa lOcm. tief im Wasser. erhitzt unter Umnilircn im siedendem 
Wasserbad, wobei das Eiweiss flockig ausgefldt und der reduzierende Nichtzucker 
adsorbiert wirdl d.ann Cs wird durch einen kleinen Trichter CDurchmesser 30mm) mit 
feuchtem entfettetem Bn umwollfilter in ein Prnparatglas ( 30 < 90mm. ) filtriert und Trichter 
nnd Filter mit 2cc. Wasser nachgewaschen- Zum Filtrat werden 5cc. n/bOO Kaliumfer- 
ricyanidh' sung und 5 Tropfen lO^^iger Natriumkarbonatl “sung zugesetzt und ganz 
genau 15 Minuten in siedendem Wasserbad erhitzt. Nach 3 minutigem AbkOhlen im 
Leitungswasser werden 3cc Zinksiilfat-Natriumchlorid-Jodkaliumirsung und 2cc. 3}J^iger 
Essigsnureh' sung hinzugegeben und das a usgeschiedene Jod unter St irkel-sungszusatz 
mit n/200 Natriumthiosulfat a us einer Mikrobiirette gegen Ende titriert. 

Zur Bestimmung der Saccharosemenge in Fliissigkeit verfhhr ich wie folgt. In ein 
Prnparatglas werden ganz genau 2cc- Pflanzenextrakt und 3cc. 2,5l^iger Salzsiiure 
genommen. Man erhitzt dieses Prnparatglas unter Umriihren 5 Minuten in dem auf 
70'^C gehaltenen Wasserbad* indem das Glas etwa 10cm. tief im Wasser eingetaucht ist. 
Die Saccharose wird,bei diesem Zustand vollkommen hydrolysiert. Nach der Hydrolyse 
wird der im Pr;iparatglas abpipettierte Extrakt mit ganz kleinen Stdekehen blauen 
und roten Lackmuspapier versetzt und dann mit 5n Natronlauge unter Umschiitteln 
genau neutralisiert. Es ist ratsani, die Tropfen nicht direkt auf das Lackmuspapier 
fallen, sondern lungs der Wand laufen zu lassen, da der Umschlag sonst schwer zu 
erkennen ist. Nach der Neutralisation wurde der Zuckerwert mit obener w’^hnter 
Methode ermittelt und die Differenz zwischen der gfewonnenen Wert des hydrolysierten 
und der des nicht hydrolysierten Extraktea ergab die Saccharosemenge. Um den beim 
Blind versuch ermittelten Natriumthiosulfatverbru uch von dem beim eigentlichen Versuche 
erhaltenen Wert abzuziehen, miissen beide Wepte erst an Hand der Tabelle in Glukose 
umgerechnet werden. Aus Tabelle erhaltener Wert wird mit 25 multipliziert, weil die 
zum Versuch gebrauchte Flussigkeitmenge 2cc. von der Gesamten 50cc- entnommen war. 
Ein Blindversuch ist stets unerlnsslich, da Kaliumferricyanidl" 3 ung ihren Titer mit der 
Zeit verAndert. Die Analysen wurden, mit Ausnahme nur einiger Falle, wfenigstens 
drei- odfcr vlermal wiederholt, 

C. Bestimmung der Starke. 

Es gibt eine Anzahl von Stiirkebestimmungsmethode, die entweder auf die 
jodbindende Eigenschaft der StArke beruhen (z.B. mittels der titrimetrische Bestimmung) 
Oder die Sti rke direkt mit chemlschen Mitteln ausfallen lassen. Einwandfrei fur die 
Bestimmung kleiner Stiirkemengen sind jedoch nur diejenigen Methoden, die auf einer 
vorangehenden Verzuckerung der Starke durch Siiure oder Fermente beruhen. Das 
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Verkleistern der St irke nach den Angaben in Literataren und meinen Vor versjchen 
war erst nach einem Erhitzen 45 Minuten lang auf dem kochenden Wasserbade voll- 
kommen. Erst dann wurde der li<>ch9te Prozcatsatz der Glukose aus hydrolysierter 
Stiirke wiedergefunden. Ferner geht aus meinem Vorversuche hervor, dass der Zusatz 
von Kohle und Calziamkar bon at keinen Einfluss auf die Hydrolyse ausibt Die 
St irkebestimmung wurde also wiefolgt ausgefuhrt: Die zuckerentfernten B1 attr tickst inde 
wurden samt mit dem Kiltrierpapier in 53cc- fass^ndes KiM.KNMEVKJN^he-* Kolben, was 23cc. 
dest. Wasser enthielt> gebracht und auf den korhenden Wa95:irbad 45 Minuten lang 
erhitzt. Der Inhalt des Kolbcns wurde heiss extahiert und der Filtrierpapier mehrmals 
mit heissem Wasser gespnit. Nachdem er bis auf Zi mmertemperatur abgekfihlt ist. 
wurden 5cc. 14^Ibiger wasserigen Lasting eines reinen Takadiastase-Pr iparates zugesetzt. 
Die F'ermenthydrol yse wurde auf dem Wassirbad mit einem Zjsitz von Toluol bei 57^C 
und pH 4 9 ( Azetatpuffer ) 1 ]/2 St. lang durchgef tihrt Nach der vollkommenen 

Hydrolyse wurde tr genau zum Marke des 53cc. fassenden Messkolbens gebracht. Filr 
jede Bestimmung wurden 2cc. von Fliissigkeit benutzt, indem der St»rkegehalt mittels 
Haokpohn .iKNHKSHChcr Mcthodc a Is Glukose bestimmt wurde. 

in. Tageaschwankung-en des Siiuregehalts in der einen Blattspreite. 

Versuch 1 

In der zweiten Mitteilung dieser SerienpubHkation sind die Ergebnisse der 
Studien iiber die Tagesschwank ungen des Sauregehalts in einer Blattspreite vor 
Sonnenaufgang und nach Sonnenuntergang berichtet worden. Aus dabei 
gewonnenen Resultate ist geschlossen, dass der Sauregehalt der Blattspreite vor 
Sonnenaufgang stets grosser aLs nach Sthinenun ter gang ist. Ks liegt deshalb 
nahe, dass die Saure wahrend der Nacht lebhaft gebildet wird. sodass dessen 
Gehalt vor Sonnenaufgang am grdssten ausf^llt und dass sie in der Tageszeit. 
besonders kurz nach der Sonneanufgang. eine erhebliche Verminderung erleiden 
wiirde. In den genannten Versuchen wurde aber der SMuregehalt bloss zweimal 
und zwar in einer Abend- und Morgeazeit bestimmt, und die Saureschwankung in 
den ganzen Tageszeiten war darnals dahingestellt geblieben. So ist dieser 
Versuch ausgef tihrt worden, um zu sehen, wie die Schwankung des Siuregehalts 
Tag und Nacht hindurch verlauft. 

AIs Versuchspflanzen sind Nr. 16, 20 bzw. 42, genommen. Sie waren je 242, 
231 bzw. 235 Tage lang in Kultur gewesen, schon ausgebliiht und je eine grosse 
Menge von reifen Samen betrugen. Von jeden Pflanzen wurden jedesmal die 
schwarzgriinen und augenscheinlich ganz gesunden Blattspreiten zur Analyse 
genommen. (vgl. Bemerkung der Tabelle 9). Dieser Versuch wurde von 20 Uhr zu 
20 Uhr am nachsten Tage durchgef lihrt, indem die Materialien mit der Zwischen- 
zeit von je 2 Stuiiden abgenommen und sofort verarbeitet wurden. Der Sonnen- 
aufgang bzw. ‘untergang an diesem Tage war 6 Uhr 9 Minuten bzw. 16 Uhr 31 
Minuten und am nachsten Tage 6 Uhr 10 Minuten bzw. 16 Uhr 30 Minuten. 
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Tabelle 6. 

Ta^^esschwankungen des SSuregehal ts in der einen Blattspreite. 
(Material in Wasserkultur Rezogen). 


(a) Die Pfianze Nr, 16 (242t,'igige Ziichtnng im Gewachshaus) 


Zeit 

u 

20.05 

4^2. tiu- 

22.05 

uocX - 
CX).05 

u2.ao 

02.05 

04.00 

04.05 

06,00 1 

06.06 1 

^8.L\n 

r>8.05 

Fr»Hr,hj?i‘wiclu d. 

MHlei-ittlM inir. 

1^87^2 

2(^5.163 

237 412 

332.726 

2')^. 0(^7 

294.640 

238 427 

( lef iUuU‘»u‘ < »\al 
Kaar(' iiij/. 

1.651 

1.644 

2 224 

2.903 

2.065 

1.862 

2.125 

iDft-. OxujsMuro in 
\00{)fl. Ki . 

8:506.^ 

8013.1 

9.367./ 

872'^.9 

9837.7 

9098.9 

74 >7,5 

Z<‘il 

lo.ex 

10.05 

12.00 

12.05 

i-.a 

14. 5 

I6.LX' 

I(S ' 'S 

18.( )0 

18 I 'S 

20.00 

20. )s 


1' riHchircvvic.tn <1. 
MutvM'iulH iiiti 

270.'.’7'> 

3 1Q.Q2"^ 

315.286 

268.704 

.'72.498 

25). 188 


<ti‘fnn4l(‘n*‘ < >xal 

Kanin iiiL'’. 

2.5V2 

2.742 

2.294 

1 .993 

3.. no I 

2. If 4 


<)xulK:nirn in 
It'Xx^ir h'riKclijft'w . 

95v0,:) 

8570 7 

72H5.4 

V4)4.! 

8 ^>6.4 

H4‘)9.7 


(b) Die Pfianze Nr. 20 ( 231tagige Ziichtung 

im GewiichshaUvS) 


Z<‘i( 

2U.05 

22.(.)5 

22.10 

00.05 

OC. in 

02.05 

02.10 

04.05 

04.10 

06.05- 
06. In 

' >6.' >5 

10 

KriMchgnwicht <1. 
MainrialH inff. 

143.488 

I5'0846 

177.676 

279.5 15 

202.985 

200.827 

2 7.154 

(n‘l\iiulnnn < >xh 1 
Milnr<‘ iiijr 


1.310 

1.775 

2.762 

2.445 

2.253 

2 n27 

in|?. OxtilHiiurn in 
Bvnu-. FrisL'htrnw 

^250. 1 

85 1 5.0 

4990 2 

9881.4 

)9(94s.2 

11218.6 

9/84.9 

Znii 

lau5 

10.10 

12.t>5 

12,10 

14.05 

14.10 

16.05 

16.10 

16.( 5 
18.10 

20 t Ov 

20.10 


FriHcligewicht <1. 
Alalnrialrt niR. 

182.654 

271.533 

327731 

317.335 

280.173 

289.861 


(n'iuiidnnn Oxnl 
Hiinn* mg. 

2.095 

3.013 

2.164 

2.197 

3.or\^ 

2.818 


mg Dxalhiiiirn in 
PXDfi:. Prif^chc-nw. 

11469.8 

1 1096.'^ 

6602.9 

6923.3 

10718.2 

9721.9 


(c) Die Pfianze Nr. 42 (235tagige Zuchtung 

im Gewachshaus) 


Znit 

Zu.in 

20,15 

22. 10- 
22.15 

LA). lU 
(V). 1 5 

02.10 

02.15 

04,10 

04.15 

06.10 

06.15 

.’6 lO 
08.7^ 

FriMciigewiclit <1. 
MrttnriHlH mg. 

2n.225 

204.929 

204.:V7 

279.407 

213.638 

241.817 

29) .^^6)4 

(mfiiiuleno Oral 
KUurn mff. 

1.873 

1.959 

2.316 

a.irx) 

2.534 

2.596 

3.145 

mg. OxHlHiiurn \i\ 
lOOOg. PriBtcbgow. 

8100.3 

9559.5 

II.T52.6 

11094.9 

1 1861.2 

10735.7 

IC)8'>.4 

Zeit 


12.15 

14.10 

14.15 

l9.i0 

16.15 

18.1( - 
18.15 

20.10 

27.15 


Friftobgi'wicht d. 
MaU^rialH mg. 

256.814 

277.994 

ai'R.OOl 

318.7)4 

351.825 

283.292 


(lefuiHlene Oral 
Kuurc mg. 

2.987 

;\026 

2.^>86 

.313’ 

3.697 

2.325 


mg. OxalH&iiro in 
lOOOg, FrliwlHfow. 

06.30.9 

1 0885. 1 

8427.6 

9823.9 

10508.1 

8207.1 
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Bemerkuni? 


iNr. (1. 
Pdll llZ(Ml 

1 (i. UliiUHprtMte 

; N'dii niitcii 

(OoHHt* <1. iilHitsprciu* 
biiTiirc 

ZiiHtmul (ler 

]>> 

Nil 

J 42niiii y 1 88iiiin | 


20 j 

\’ 

1 39iniii X 2C0iiim I 

bluttMprciU' war scliwarzirnln. 

42 


HOinin X 1 

JcMb's li-divwluum 1 st schou 

aastrebliilit \t. Inivt die Fnichte. 


8/ X ] 1934 uiul 

'>IW b’^'‘4 b(41 nji<] ill! brw>">liv! 



Fiir. I. unkniif^iMi dcM S;nuc;?chalts in (1(M' oiJU'ji 

vn KnuiHhfua Ashit. TMiiii'l wi‘r1e au^ kOiisllieb j?(2('ff('Uer 

Pfitii 2 mD 

'■ " '■■■■ Sanr(*p-(‘hall 

TtMJipcratur 

Kc'iU‘btij»k(*it 


Die beistehende Tabelle zeifft die Analysenergebnisse. Um diese Verhaltnisse 
anschaulicher zu machen, sind die durchschnitt lichen SSuresch wank ungen mit 
den ini Zeillaufe entsprechenden Temperatur- und Feuchtigkeits^nderungen neben- 
einander auch graphisch dargestellt worden. A us obiger Tabelle und Figur 
kaiin man entnehmen, dass der Sciuregehalt der Bkittspreite nach Sonnenuntergang 
allmahlich zunimmt und kurz vor Sonnenaufgang zum Maximum erreicht. Nach 
dem Sonnenaufgang (6 -8 Uhr) nimmt. der Sauregehalt einen Zeitlang ab, aber 
steigt mit der Verlauf der Tageszeiten allmahlich, und sinkt vor dem Sonnen- 
untergang (14 T6 Uhr ) zum Minimum, um wieder allm^lich ununterbrochen zu 
steigen. Es ist somit festgestellt, dass das Maximum des S^uregehalts um 4 Uhr 
und das Minimum um 14 -16 Uhr erreicht wird. In bezug auf die Ursache, die 
diese Schwankung des Sauregelialts hervorrufen, kann man viele iiussere Faktoren, 
z.B. Temperatur, Feuchtigkeit, Lichtstarke, Nahrstoffmenge, (X)j-Gehalt und von 
der Kombination dieser iiusseren Hedingungen abhMngige Intensitat der Photosyii- 
these, N-Assimilation, A tmung und Transpiration usw. einerscits, und die inneren 
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Faktoren, die un« noch nicht experirnentell zugan^lich sind andererseits rechnen. 
Aber aus dem Vergleichen der Temperatur- und Feuchtigkei tvSvSchwankimg mit 
der Schwankung des Sauregehalts kann man etwa mit Recht sagen, dass die 
Schwankung des Sauregehalts der BlattvSpreile im gr(xssen und ganzen umgekehrt 
proportional zur der Temperatur und proportional zur der Feuchligkeit ist. 
Kurz und gut die niedere Temperatur beschieunigt die S a iirebi Idling und vice 
versa. Wei ter ist es ersichtlich, dass die Luf tfeuchtigkeitskurve mit der Saure- 
kurve beinah parallel lauft. Es gibt dabei nur ein einziges Unterschied, indem 
die Saurekurve zwar um 8 Ubr eine merkwdrdige Senkung gegen die Feuchtig- 
keitskurve aufweist. Dabei kann die photochemische Zersetzung der Sijure, die 
nicht immer mil den I^ebensprozessen der Pflanze gebunden ist, beteiligt sein, 
wie sie SpOEHK an den verschit^denen organischen Saure bestatigte. Darauf- 
folgende Saurevermebrung kann aber direkt (xler mittelbar mil der CO^-Assimi- 
lation bzw. N Stoffwechsel verbunden sein in dem Sinne, dass die ausseren 
lAedingungen denn noch sUirker die Saurebildung als -abbau vorher zugehen 
zulassen. Spaler fallt die Wirkung der ausseren Ht'dingungen. u.a.der Tempe- 
ra turerhdhung so aus, dass die Saurebildung trotz der dazu gjnstigeren inneren 
Bedingungen so beeiiUrachtigt wird, dass S niremenge wegen des phoiochemischen 
Abbaues zum Minimum abfallen masse. Es konnte m<)glich sein, dass sich der 
Sauregehall der Blaltspreile unter konstanten tiusseren Bedingungen keine nen- 
nenswerte Schwankung aufweise. Die grundliche liearbeitung diescr wichtigsten 
Frage mussten aber in Rahmea der varliegvmden Versucheri aus Zeil- und Mate- 
rialsmangel unterbleiben 

IV. Weiteres nber den Saxire nrid N Stoffwe 1 bei (Ur Blattsprc ite 

1. VersLiche an abgeschnittenen Idatt^preiten. 

A. Von Abend zu Morgen. 

a. Freilandpflanzen. 

Versuch 2. 

Zu diesem Versuch wurden die Blattspreiten verwendet, deren Blaltstielen 
]2 Stunden vor Versuche in den wassergef till ten 50(:c. haltigen Kdibchen eingelaucht 
wurden. Sie waren unter Vermeidung direkter Besonnung und ubersch jssiger 
Transpiration der normaJen Beleuchtung ausgesetzt. Die Blattspreiten wurdeO; 
wie bei nieinen Versuchen liblich ist, quer in zwei gleichen Teilen durchgeschnil ten. 
Zur Saure- und N-Bestimmung wurden die eine Blatthalfte am Abend um 22-24 
Uhr und die andere am nachsten Morgen um 4-6 llhr abgenommen und jedesmal 
sofort verarbeitet. Zur Bestimmung der Saure wurden die Blattstucke von 0.23-- 
0.55g. und zur N-Bestimmung die von 0.39-*!. 2g. genommen. Der Sonnenuntergang an 
diesem Tage geschah um 18 Uhr, und der Sonnenaufgang des nachsten Tages um 5 
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Uhr 10 Minuten. Die Erj^ebnisse der Analyse sind durchschnittlich in Tabelle 7 
zusammengestellt. Ein Blick auf Tabelle 7 zeigt, dass der Sauregehalt der 
Blattspreiten am Morgen grosser als der am Abend ist. Bezuglich der t^lichen 
N-Schwankungen kann man auch sehen, dass sich die absolute Menge des Gesamt- 
Eiweiss-. und loslichen N, auf lOOOg Frischgewichl des Materials bezogen, am 
Morgen kleiner als am Abend befindet. 

Tabelle 7. 

Tagessch wank ungen des Saure und N-Gehalts in der Rlattspreite 
( Mittelwerte aus 6 Blattspreiten der Freilandpfhuizen) 

V"on Abend zu Morgen. 


lk‘nH‘rkini8' j 

AbondbnHf iinmiiiiy 

Moryeiibi^Mliiiinmny 

my ( >xais:i,ir(* 

in IC'-TXg. 10 iHr{iy('\\ . 

S7s2 I 

1 

! 


1 

j (n‘^amt*N 

boS n 

2,12.P, 


1 

, Idwfi' -N 

1726.2 

228.8 

my. \ ill 


2.20.8 

84.0 





Ffi.'Chycw. 

\iiiin<)U-\ 

42/, 

12.1 




68.5 


\ mi 11' - V 

40. i 

* 4.4 

A in id 

Ammon | 

2,04 

3.89 


Der Quotient Amid Ammon ist bei eixizelnen Fallen etwas verschit^den, aber 
liegt moistens niedrig und schwankt 1.76-7 60 Der Mitlelwert des Quotienten 
ist um Morgen etwas kleiner als abends. Aus die^sem Ei-gebnis kann man 
jedenfalls entnehrnen. dass die Abnahme der einzelnen loslichen N-Fraktionen 
der Saurezunahme am Morgen entspricht. Wenn man in Anlehnung an Desami- 
nierungshypo these liber die organischen Saurebildung die Schwankung des Saure- 
gehalts zur des Gehalts an N Wrbiridungen gegeniiber gesteilt htitte, so ist die 
C-Menge der zugenommenen Oxalsaure viel klehier ausgefallen, als die aus 
verlorgegangenen Fiweissmengen zu ervv^arten ist. Andererseits sind die loslichen 
N-Fraktionen trotz der stattgefundenen Paweisspaltung nicht entsprechertder’ 
weise zugenommen. sodass der Gesamt-N einen starken V^erlust erleiden musste.. 
Wir haben dabei sicher mit einem Verwundungseffekt zu tun, was eventuelle 
Beziehung zwischen den oben genannten beiden Stof fwechselprozessen eher mas- 
kieren. 

b. KUnstlich gezogene Pfianzen. 

Versuch 3. 

Dieser Versuch entspricht dem Versuch 2, ausgenommen die Herkunft von 
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Material, was im Gewichshaus kiinstlich Kezo^en wurde. Nr. 35. 37 bzw. 44 war 
je 181, 138 bzw. 167 Tav^e lanR in Kultur ^^ewesen und bei Nr. 35 war es ^chon 
zur BJute gekommen. Zur Abendbestimmung wurde das Material um 21-22 Uhr 
10 Minulen und zur Morgenbestimmung um 4 Uhr 30 Minuten-f) Uhr 35 Minuten 
abgeschnitten. Das Frischgewicht des zur Analyse genornmenen Blattstiirkes 
schwankt 0.11 b34g. fiir die Slure, und 0.32-0 54g fur die N-Verbind ungen. Der 
Sonnenuntergang an diesem Tage war um 17 Uhr 37 Minuten und der Sonnenauf- 
gang am nachsten Morgen um 5 Uhr 23 Minuten. 

Die Ergebnisse der Analyse von Nr. 35, 37 und 44 sind durchschni ttlich in 
Tabelle 8 iuigegeben. Sie stimmen mit den Ergebnissen des Versuchs 2. sowohl 
im Sauregeghalt als auch im (iehalt am Gesamt- und Eiw^eiss N, der auf 10(X)g. 

Tabelle 8. 

Tagessfh wank ungen des Saiire- und N Gehalts in der Blaltspreite 


(Mittelwerte aus 3 Blattspreiten kunvStli('h gezogener Pflanzen) 
Von Abend zu Morgen. 


PiMlKMkUDp' j 

A b<*ndbi‘^t inuDd iiLT 

Morir<'n))o^.liimnnnsr 

n L' ()xHlMaiire in lOClir. I '.n; chtrow. 

1 

1 8708. '■’ i 

( vs.yo 

<M‘sjun1-N 

1 

7/A 

l^l\vt‘i'<^-N 

! 

10.'.:' 


281.^ 1 

2^.9 

F rihclu'vv . nun' <i 

! I 

36.^ j 


1 .\ini(]-.\ 

lRv.7 ! 

2.0 

j .\nuno-N , 

1 

27.0 

Amid/ Amnion 

4. <^4 

4.23 


Frischgewicht des Materials Ix^zogen wurde. gut uberein Der Crehalt an samt 
lichem Idslirhem N bezogen auf lOOOg. FriJrchgewicht ist dagegen am Morgen 
etwas grosser als am Abend. Wenn man aber den Mengenverhaltnis der eirzeb 
nen loslirhen Fraktionen der N Verbindi ngen in Betracht zieht, so fallt die 
Summe des Ammon- und Amid N beinah invert ndert aus. I:er Quotient Amid/ 
Ammon zeigt ein deutliches Uberwiegen des Amids gegenu])er dem Ammoniak 
und schwankt 2 5-6.0. 

Dieser Versuch ergab wieder, dass die grossere Menge der Saure den l,kleiiieren 
Cesamtmengen des Ammon- und Amid-N entspricht. Wenn aber der Kohlenstoff 
der verschwindenen Menge des Eiweisses ausschliesslich zur Bildung der Oxalsiiure 
zur Verfligung gestellt worden ware, kdnnte er beinali den Gewinn der 
Oxale^ure bedecken. Da aber das Gesamt-N einen Verlust erf7hrt, und die 
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ziigenommene Menge der loslichen N-Fraktionen nicht deTi Eiweissabbau entsp- 
rechend wiedergefunden ist.kann sie der Desaminierungsbypj these nx:h nicht die 
quantitativ gesicherte Stiitze zugeschrieben werden. 

2. Versuche an intakten Pflanzen. 

a. Freiland Fflanzen. 

Versuch 4. 

In diesem Versuch wiirde Blattspreite von je 3 Pflanzen kurz vor Analyse 
entnommen in der Weise, dass deren eine Htilfte an bestimmter Zeit abends 
analysiert, wahrend die andere Halfte an der Pflanzen belassen und am n«Mchsten 
Mcjrrgen kurz vor dem Sormenaufgang zur Analyse abgen ommen wurde, Zur 
Bestimmung des Abend N und der Saure entnahm ich die Hlattsprei ten um 21-22 
Uhr und zu der des Morgen-N. und der -Saure um 4 Uhr 30 Minuten- r>Uhr 25 
Minuten. Zur Analyse wiirden die Blattsthcke von 0.32A).43g, fiir die Saure, und 
0.82-1 .05g. fur die N-Verbindungen genommen. I4er Sonnenun lergang iin diesem 
Tage war um 17 Uhr 18 Minuten und der Sormenaufgang am nlchsten Tage um 
5 Uhr 34 Minuten. 

Tabelle 9 zeigt, dass der Sauregehalt der Blattspreite am Morgen grdssre 
nls am Abend ist. Diese Krgebnisse stimnei mit denen d?r Ve'ssuche, die mit 

Tabelle 9. 

Tagessch wank ungen des Saure- und N-Gehalts in der Blattspreite 
(Mittelwerte aus 3 Blat tsprei ten der Freilandpflanzen » 

Von Abend zu Morgen. 


1 k ii UL’’ 

Abendbt'MiimiJhing 

\lni%^‘iil)t*Hti miming 

niv. <)xaisaur(‘ in lOCcg. rii^-ekpi'W. 


+ 17^0.6 

( it^ainl N 

22-n.H 

4 (A.y 

j l-riwei^-'s N 

20%.2 

+ ICS. 6 

mg. N in | |-„,l _ 

l''5.6 

- 

icxx’g. : 

FriKchgevr. i Ainmnii N 

A5.5 ’ 

~ 14.7 

i Amid N 

101.^^ 

1 

— 14.0 

, Aiiniim-'N 

i 

- 15.:? 

Amid/ Amiimn 

2.-‘'9 

4.6/ 


abgeschni ttenen Blat tsprei ten ausgefiihrt wurden, gut liberein. I^r Gesamt- und 
Eiweiss-N nehmen auf lOOOg. Frischgewicht bezogen am Morgen zu wjhrend die 
alien einzelnen loslichen Fraktionen der N-Verbind ungen am Morgen abnehmen. 
Der Quotient Amid/Ammon zeigt ein deutliches tTberwiegen des Amides gegen- 
tiber dem Ammoniak und ist am Morgen etwas grosser als am Abend. In diesem 
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Vensuch an intakten Pflanzen unterscheidet es sich also von den vorherj^egan^enen, 
dass hier der Einweiss N am Morgen zugenommen ist. sodass es zeigt, dass die 
Starke Rildung der Saure mil der Eiweisssyn these nebeneinander vor sich gehen 
kann. Es kann doch undenkbar sein, dass die Saure einzig und allein durch die 
Desaminierung der Eiweissabbauprodukte entsteht. sodass hier gefundene Eiweiss- 
synthese nur eine sekundare Erfolge aus der starkeren synthetischen Tatigkeit 
darstellt. Meiner Ansicht nach ist aber die Sache nicht so einfach zu beurteilen, 
Weil die Saurebi Idling, wie man spa ter erfahrt, ebenfalls mi t der Eiweisssyn these 
bzw. dem Kohlenhydratabbaii in einer ursachlicher Rezieliung stehen kann. 
b. Kunstlich gazogene pflanzen. 

Versuch 5. 

Dieser Versuch entspricht dem Versuch 4, ausgenommen des IJmstandes. dass 
hier die Versuchspf lanzen in Wasserkultur gezogen wurden. Zu diesem Versuch 
bestimmte Tndividuen Nr. 16, 18 bzw. 43 waren je 149, 135 bzw. 135 Tage im 
Gewachshaus kunvStlich gezogen und darunter Nr 16 war schon gebliiht. Zur 
Abendbestimrnung des N und der Sriure entnahm ich von jeder Pflanze die eine 
H^ilfteder Rlattspreite um 21 22 Uhr und zur Morgenbestimmung die andere 
Hitlfte der betreffenden Rlattspreite uin 5 6 Uhr am niichsten Tage. Das 
Frischgewicht der zur Analyse verwendeten Rlattsuicke schwankt 0.]7-4).31g. fur 
die Saure, und (),43-0.81g. fiir die N-Verbindungen. Der Sonnenuntergang an diesem 
Tage war um 17 Uhr 4 Minuten und der Sonnenaufgang am nachsten Tage um 5 
Uhr 42 Minuten. Die Analysenergebnisi e vsind in Tabelle 10 durchschni ttlich 
zusammengestellt. Daraus geht hevor, dass der Siiuregehalt nicht nur am Morgen. 

Tabelle 10. 

Tagesschwankungen des Saure- und N-Gehalts in der Rlattspreite 
(Mittelwerte aus 3 Blat tspreiten kunstlich gezogener Pflanzen) 

Von Abend zu Morgen. 


]\v 

inorkving 

Abi‘n4b(*Hnnin»unLr j 

Xbugcnbontinniuing 

iiig OxalHiOm* in kX'.y. f'rii 

I..SI I.J 

1 -f 4 


1 (lt*srtnil-N 

1^2, '^.5 

88.0 


l’kW(Mh^-N 

IV, '8.0 

- .:x).4 

nig. X in 

I.osl -N 


— S!.o 

kxxy 



KuHchgow. 

An)ini»n>N 

55.0 

- JO.) 



lo2.7 

,>/,s 

1 

1 

Aminn-X 

80.2 

:\7 

Amid/ Amnio 

3.17 

2.81 
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wie immer, grosser als der am Abend ist, sondern die Saurezunahme C3893.4mg. 
pro lOOOg. Friscligewicht) so stark emporstiegen ist, dass wir vorher selten 
erfahren haben. Die Menge der einzelnen N-Fraktionen bezogen auf lOOOg. Fri- 
schgewicht des Materials nirnmt ausnahmslos am Morgen ab. Der Quotient Amid/ 
Ammon zeigt ein (iberwiegen des Amids gegeniiber dem Ammoniak, indem er etwa 
3 betrt.gt. Er ist im allgemeinen am Morgen etwas kleiner als am Abend. Was 
nun das quantitative Verhaltnis zwischen den Satire- und N-Stof fwechsei anbetriff t, 
so ist die Abnahme des Kiweiss-N zu gering. um an dem Kohlenstoff des 
verschwundenen Eiweissmolekiils die Derkunft des Kohlenstoffes neugebildeter 
Oxalsaure zu erblicken. Wenn die DCvSaminierungshyixUhese fiir die organische 
Saurebildung auch hier treffen sollte, so muss man annehmen, dass die gleich- 
zeitig vorgehende Eiweisssyn these den Eiweissveriust gross ten tei Is bedeck! hatte, 
(Jberdies die Abnahme der Ei weissabbauprodukle, u. a. Ammoniak und Amide, 
ebenso ervschwert die Ik'urteilung, ob man heir als Ursache der S^urevermehrung 
mit der Desaminierung des Eiwessabbauprtxiukte zu tun hat oder nicht. Diese 
Abnahme der N-Verbindung mag bloss ein Ausdruck deren Umwandelung in 
die ahderen Pflanzenteilen sein, sodass die weiteren Versuche zwar an jeden 
Blattspreilen der betref t'enden Pfianzen angestellt werden mussen. 

3. Versuche an jeden Blattspreiten intaker Pfianzen. 

Versuch 6. (1933). 

Um die T^igesschwankungen des N- und Sauregehalts der Blattspreite an 
intakten Pfianzen der Reihenfolge nach von unten zur Spitze zu beslimmen, nahm 
ich zur Analyv'^e ein Individurn (Nr. 38), das 161 Tage in Wasserkultur gewesen 
und sch(3n ausgebluht war. Zur Abendbestimmung entnahm ich je eine Hiilfte 
aller Blattspreite um 21-22 Uhr 10 Minuten und zur Mingenbestimmung die eine 
andere belassene Halfte um 4 Uhr 30 Min. -6 Uhr. Der Son nenun ter gang an 
diesem Tage war um 16 Uhr 48 Min. urd der Sonnenaufgang am nachsten Tage 
um 5 Uhr 53 Min. Zur Analyse wurden die Blattstiicke von 0 09-0.27g. fiir die 
Satire und von 0,32-0 94g. fur die N Verbindungen genommem. Hier sei aber 
bemerkt, dass 7tes Hiatt so klein war, dass an ihm nur die Sauregehalt bestimmt 
werden konnte. Tabelle 11 gibt die hierbei erhaltenen .Analysenergebnisse 
durchst'hni ttlich an. Die Ergebnisse an einzelnen Blattern sind in Fig. 2 graphisch 
wiedergegeben. An Fig. 2 sieht man zunachet, dass der Sauregehalt in den ganz 
jungen und alten Blattspreiten geringer als in den massig gewachsenen ist, und 
dass die allgemeine 3'endenz zur Saurezunahme wahrend der Nacht (Morgenbe- 
stimmung) in alien Blattspreiten augenfallig ist. 

Durchschnittlich geselien ist der Gehalt an Gesamt*, Kiweiss- und Ibslichen 
N, auf lOOOg. Frischgewicht bezogen, im Gegensatz zum durchschnittlichen Gehalt 
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Tabelle 11. 

Tagessch Wank ungen des Siiure- und N-Gehalt8 in der Blattspreite 
(Mittelwerte aus 7 Blattspreiten kiinstlich gezogener Pfianzen) 

Von Abend zu M()rgen. 

UonKM'kiinir | Ah(‘iulb(‘htiinniurik' iinrnnnr 


]ng. < )xulHii\ue 

ill ICCCft. FclHCllft'CAV. 

' 8270.4 

i -f 

1776.8 


1 (n^suint N 

2ia..8 

- 

108.6 


X 

I 

\n^A 

- 

-^5.5 

mir- N 

I COT ft-. 


SMA 

\ 

- 

lO.l 

Fi 

Anminii-N , 

62.7 

— 

4.6 


.\iiih1 ,\ 

179/’ 

f 

1.7 


Aim 11' t N 

HV./' 

— 

l('.2 

Amid 

/ A niinun 

' 2.'^4 


3.26 


an OxalvSaure. am Morgen kleiner als am Abend. Dasselbe ist ebenso beim 
Gehalt mi einzelen kisUchen N-Fraktionem, mil der Ausnahtne beim Amid-N, der 
Fall In BeJ^ug auf das Alter der Blattspreite sind der Gesamt-. Eiweiss- und 
lbs lichen N neben dessen Fraktionen bei den massig gewachsenen bzw. der 
jiingeren Blat tsprei ten im allgemeinen grosser an Menge als bei den hlteren. 
Der Eiweiss-N nahm wahrend der Nacht am seinen Menge etwa 95.biTig. pro l(XX)g. 
Friscligewicht ab. Wenn die en tsprechende Menge Eiweiss zur Bildung der 
Oxalsanre den Kolilenstoff angegeben hntte, wurde die daraus lierechnete 
Sciuremenge ganau mit der hier gefundene Menge der Saurezunahrue Qbereinstim- 
men. Die Bildung der Saure durch Desaminierung der Phweissabbauprodukte 
scheint hier eine wichtige Stiitze gefunden zu haben.. Trotzdem sind die Ibslichen 
N F'raktionen in entsprecdieaider Menge des verse hwundenen EiweissevS nicht 
wiedergef linden, indem sie ebenfalls in der betreffenden Blattspreite losgegangeii 
sind. Und zwar bei alten Blattspreite nimmt der Amnion-N am Morgen ab, 
dagegen bei Jungen Blattspreite zu. Der Amid-N zeigt eine allgemeine Neigung 
zur Abnahme naeh der Reihenfolge der Knoten von der Basis nach der Spitze zu 
und zwischen dai entsprechenden Abend- und Morgenwerten, durchsehnittlich 
gesehen, gibt wenig Unterschied. Bemerkeuswer t ist es, dass der Amid N, wahrend 
der Nacht, von den alteren zu den jiingeren Blattspreiten transixirtiert wird, 
Betreff des Amino-N finden sich auch die Shnlichen Verbal tnisse zwischen den 
Abend- und Morgenwerten, wenn auch sie etwa untergeordnet sind. Der Quotient 
Amid/ Ammon zeigt ein deutliches Uberwiegen des Amids gegeniiber dem Ammo- 
niak ; einzelnen Blattspreiten failt er verschieden aus; doch durchsehnittlich ist 
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2. Twge^scliwwjikiiii^^fij dcH Hiinre- luid N--<»ebalt>^ in dur Blait^^prrite V(jn 
}i(’(j >iii(t El aiiMi({)}<i A\I)k. (\r 38, duM l6l UiRiffe K\ilt\ir in ( u'WiichshaiiH^ 
Mort?fnvvorU‘ Abondwerle 

, Hdarf ■ Miiun* 

— — — EiwcisH N ” J‘n\V(‘ish \ 

— — — — Lr^-ji. “\ — - \ 


er am Morgen etwas grovsser als am Abend, indem er 2.21-4.50 am Abend und 
2.44-4.00 am Morgen variiert. Wie man oben gesehen hat, sind die Ergebnisse 
dieses Versuches so ausgefallen, dass die SMurebildung mit der Desaminierungs- 
prozesse der Eiweissabbauprodukten in inniger Beziehung zu stehen scheint. Der 
Verlust an den Ibslichen N-Fraktionen am Morgenbestimmuag beruht grosser 
Wahrscheinlichkei t nach auf deren Fortreisen zu den Jiingerea Organen, wie man 
bei intakten Pflanzen nichts anderes erwarten kann. 

Versuch 7. ( 1934). 

Um die im vorgegangenen Jahre gewonnenen Ergebnisse (vgl Versuch 6) 
waiter nachzupriifen, wurde an diesem Jahre auch einer gleichgerichteter Versich 
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durchgefiihrt. ALs Versuchsmaterial wurde die Pflanze Nr. 43 genominen, die 241 
Tage lang im Gewachshaus kiiiistlich gezogen wurde. Bei ihr waren die 1. und 2. 
Blatter schon blavssgriin, wahrend die ubrigen Blatter noch gnin und gesund waren 
Zur AbeTidbestimmung wurde davS Versuchsmaterial um 20-21 Uhr 50 Min. und 
zur Morgenl^estimmung um 4-5 LJhr 10 Min. abgeschnitten und ohne Aufst'hub 
verarl)eitet. Dei* Sonnenuritergang an diesem Tage war um 16 Uhr 28 Min. und 
der Sonnenaufgang am n’xhsten Tage um 6 Uhr 15 Minuten. Zur Analyse wurden 
die Blattstiicke von 0.13 0.32g. fur die Saure, und die von 0.38-1.13g. fiir die.N^ 
Verbindungen geiiommen. Hie 1. und 9. Blatter waren aber zu klein, um die 
Bestirnmungen sowohl des Saure- als auch des N-Gehalts nel>eneinander durch- 
zufiihren, sodass bei ihnen immer nur der Sauregehalt bestimmt wurde. Die 
AnalyvSenergebnisse sind durchschni ttlich in Tabelle 12 zusammengestellt und die 
fiefunde an einzelnen Blattern sind in Fig. 3 graphisch dargestellt. 

Tabelle 12. 

TagevSschwankungen des Saure- und N-(ieiialts in der Blattspreite 
rMittelwerte aus 9 Blattspreiten kiinstlich gezogener Pfhmzen) 


Von Abend zu Morgen 


Bcinoikunv 

Abondbe-sliiniiniuv 

M ( )rL’^*nbcvt i mn hi ! 

nx'- nxftlM^mre in IQCXlt FriMCh*XNv. > 

'5218.9 

4-533.8 


1 

(fOPiOlU \ 

; 2137.'^ 

-■121.4 


Eiweipp \ 

IH72.2 

- 102.7 

niir V in 

husl. X j 

26^>.2 

- ( 8,7 

1- 5.8 

ICOOlr. 

FriHcliRt'W 

Ainiih)u- X 

95.4 


Amid N 

140.1 

- 18.7 

1 

,Vn\iun X 

59.7 

-- ‘■-.8 

Anud/ Aiumoii 

2.3y 

1.61 


Fig. 3 zeigt, dass der Sauregehalt der Blattspreite, ausschliesslich der schon 
blassgriin gewordenen 1. und 2. Blattspreiten, im Ubereinstimmung mit dem des 
vorgegangenen Jahres, am Morgen grosser als am Abend. Der durchschni ttliche 
Gehalt an Gesamt^N, auf ICOOg. Friscligewicht des Materials bezogen, f^llt am 
Morgen etwas geringer als am Abend aus. In Betreffs des durchschni ttlichen 
Gehalts an den einzelnen N-Fraktionen ist ersichtlich, dass der Ammon N dem 
Ei Wei ss-N-Ver lust entgegen am Morgen etwas zu, wahrend die Amid- und Amino- 
N-Menge umgekehrt von einem Verlust erleiden ist. Der Quotient Amid/ Ammon 
zeigt wie immer ein Oberwiegen des Aniids gegeniiber dem Ammoniak und ist 
er am Morgen kleiner ale am Abend. Die einzelnen Da ten an jeden Blattspreiten 
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Ficr. Siinre uii<l N (lehaltn in «1or BUittHpreiie von 

B>'<) >ni<i ErininldiKi Am)J(. (\r.4:'.,24I tayifre Knit nr iin Gcwiiciif'han^^) 

>1 ori?<Miwert (* Aben<1 werto 

- ■ Siiurt' Srinr<‘ 

— — — Eiweins N — FnwtMKH N 

— ljr)el. -N 1 j<V1. -N 

3) zeigen uns ein Hinweis dazii, dass zwischen den Schwankungen der MeiiRe 
des Ammon- (bzw. Amid)-N und der Saure sich eine ursilchliche WechselbeziehtnK 
befinden kdnnte, weil die Kurven beider Schwankungen parallel laufen. Zahlen- 
m<i8sig gesehen ist aber die Zunahme der M«ige Ammon-N nicht imm«r der 
der Saure begleitet. Andererseits aus durchschnitt lichen Angabenin Tabellel2 ist 
ersichtlich, dass die C-Zahl der zugenommenen Saure um 1/3 der verlorenen 
Eiweiss-C ausmacht, sodass in diesem Falle, wenn der SSure-C ausschliesslich von 
EiwdsS'C abgeleitet werden sollte, ^die Sache nicht so gut wie bdm vorigen, 
Versuche ftir die Desaminierungshypo these spricht. Ja die Umwandelung bzw. 
VerSnderung der gebildeten Stoffe erschwert die Entschddung, ob die genannten 
Stoffe in ihrem Stoffwechsel kausal geknilpft sdn sollten oder nicht. 
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B. Von Morgen zu Abend. 

1. Versuche an abgeschnittenen Blattspreiten. 
a. Freilandpflanzen. 

Versuch 8. 

Dieser und nachfolgenden Versuchen iinterscheiden vsich mil der vorhergehen- 
den zwar in ihrer Durchfiihrung, indem die Analysenreihenfolge in umgekehrter 
Richtiing zu den letzteren ist. sodass die eine Blatth'ilfte nach 12stLindigem 
Eintauchbleiben in Wasser zuer.st am Morgen um 3 Uhr 30 min.-^i IJhr 45 Min. 
und die zugehcirige eine andere demnachst am Abend um 22-22 Uhr 56 Min. 

abgenommen wurde Hr unterscheidet sich also von den vorigen in dem Punkt, 
dass die Zeilspanne zwischen der ersten und nachsten Abnahme des Blattes 
grdvsser bei der vorliegenden als bei der vorigen Versuchsanordung ist, sodass der 
Stoffwechsel unter der Tagesbeleuchtung viel welter oder anders vorangehen 
kann. Zur Analyse wurden bei 3 Tndividuen je von den 4. Blatt von unten die 
Stiicke von 0 304),39g. fiir die S:iure und die von 0 52-0.93g. fur N-Verbind ungen 
genommen. Her Sonnenaiifgang bzw. -untergang an diesem Tage war um 5 Uhr 
19 Min. bzw. um 17 Uhr 59 Min. Die Analysenergebnisse sind durchschnittlich 
in Tabelle 13 wiedergegeben. Tabelle 13 zeigt. dass der Sluregehalt ebenfalls 
am Morgen grosser als am Abend ist. Diese Ergebnisse sprechen ganz gut der 
Tatsache der tSglichen Saureschwankung entgegen, dass der Sauregehalt vor 

Tal>elle 13 

Tagesschwank Ungen des Saure- und N-Ciehalts in der Blaltspreile 
(Mittelwerte aus 3 Blattspreiten der Freilandpflanzen; 

Von Morgen zu Abend. 


BcMuerkuug 

j Morp-enbt^Htiinnuing 

A litmbdoMtiimnnnL^ 

ing. tlxalsuuro 

in lOOOg. KriHchgevN', 

6810.*^ 

— Ih66.0 



27l3.:i 

- 715.9 


ImnnoIh^-N 

2527.4 

772.8 

inff. N in 

j 

!85.9 

4- 56 9 

lOOOg. 




FrirtChgew. 

Aimnon-N 

bo 

+ 4.0 


Ainid-N 

1 1^.3 

+ 26.6 

. 

AmiiK^-N 

38.8 

+ 26.3 

Ain id /Amnion 

4.44 

4.59 


Sonnenaufgang am grdssten ist, und, liber betrMchtlicher Sinkung kurz vor dem 
Sonnenuntergang, bis zum nachsten Sonnenaufgang allmahlich zunimmt. Was den 
N-Gchalt anbetrifft, so ist die Gesamt und Eiweiss-N-Menge, auf lOOOg. Frischge- 
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wicht des Materials bezogen, am Morj^en grosser als am Abend, wie beirrr 
Sauregehalt der Fall ist. Umgekehrt die einzelnen losUchen N-Fraktionen finden 
sich am Morgen in kleineren Menge als arn Abend. In dieser Hinsicht stimrnen 
die Ergebnisse mit de^r dos vorigen Versuches gjinz gut iiberein. wo die Durch- 
fiihrLing der Versiiche in urngekelirter Reihcrifolge von Abend zu Morgen gescluih. 
Der Quotient Amid/ Ammon zeigen ein deutliches (U^erwiegen des Amids gegenuber 
dem Ammoniak und schwankt 3.75-5 56 Im Mitlel zeigt er aber in seiner Mc^rgen- 
und Abendbestimmung kein nennenswertes Unterschied Aus Tabelle kann man 
Wei ter den augenfalligen Verlust des Clesamt- bzw. Eiweiss N Wcihrend der Tages- 
zei ten ( Abendbestimmung) entnehmem. Die Zun^ilime der loslichen N-Fraktionen 
bei der Abendbestimmung fallt aber dem obengenannten grossen Verlust des 
Eiweiss N gegenuber zu klein aus. Gberdies die dabei wahrscheinlichen kraftigen 
Devsmninierung der Eiweissabbauprodukte hat augenscheinlich zur Saurezunahme 
nicht, sondern gerade zur einen von Desaminieriingshypothese nicht zu ervvartenden 
Abnahme gef'ihrt. Die Saureabnahme am Abend gehohrt aber zur normalen und 
regelmassigen Erscheinmig bei unserer Pflanze, wie in einem vorigen Abschnitte 
get>ehen haben, sodass wir an der so grossen Abn^ihme wie 772.8mg des Eiweisses 
am Abend etwa einen Verwundungseffekt zuschreiben miissten. Jedenfalls 
zwischen dem Gehalt an Saure und an loslichen N-Fraktionen besteht hier 
dieselbe Zusammeiihang wie beim Versuch 2 und zwai' der Saurezunahme am 
Morgen entspricht die Abnahme der einzelnen loslichen N-Fraktionen. Werm 
man aber der Desaminierunghypo these teilnehmen will, wQrde die Sache so 
erklart werden, dass die enorme Abnahme des Eiweiss-N tatsiichlich zur Saure- 
zunahme gefiihrt sein sollte, wahrend die Saure wegen der langeren tageszeitlichen 
Fristen grossen teils photolytisch gespaltet worden ware. Wie wir aber in vorherjje- 
henden Versuche, wo die Analysenfolge umgekehrt von Abend zu Morgen ausge- 
fiihrt werde. erfahrt haben, so hiitte man ebenso hier auf eines Teilnehmen des 
Verwundimgseffekts Rechnung zu tragen. 

b. Kiinstlich gezogene Pflanzen. 

Versuch 9. 

Die Kulturdauer der Pflanzen Nr. 10, 13 und 54 war jeder fur sich 151, 
122 und 95 Tage, darunter war Nr. 10 schon gebliiht. Das Entnehmen des 
Materials fur Morgenbestimmung geschah um 3 Uhr 30 Min-5 Uhr 30. Min. und 
fdr Abendbestimmung um 21-22 Uhr. Zur Analyse wurden die Blattstucke von 
0.11-0.29g fur die Saure und von 0.40^-0.81g fur N-Verbindungen verwendet. Der 
Sonnenaufgang bzw. -untergang an diesem Tage um 5 Uhr 29 Min. bzw. 17 Uhr 
26 Min. Die Analysenergebnisse sind in Tabelle 14 angegeben. Aus diesen 
Zahlen kann man erkennen, dass der S^uregehalt der Blattsprdte wie immer am 
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Morgen etwas grosser am Abend ist. In Anbetreff der absoluten N-Menge, 
auf lOOOg Frischgewicht der Blattspreiten, kann man sehen. dass sich die Menge 
des C^esamt- und Eivveiss-N am Morgen weniger und die der Icislichen, u, a. der 

Tabeile 14 

Tagesschwankungen des Sjaure- und N-Crehalls in der Blattspreile 
(Mittelwerte aus 3 Blattspreiten kiinstlich gezf)gener Pflanzen) 

Von Morgen zu Abend. 


ItiMlUM'ku llg 

Morgonb^^l immuiiLT 

Ab(‘ndbl‘^^timnu1 ug 

inj^. ()xaLMaur(‘ : 

ii) lO'XX” Fnschgrw. 

ICV.74.1 


4l7.‘> 


(TeHuml \ 

1 2 J \\.0 

+ 

61.2 


Is 1 wpikh-N 

I7r^6 

4- 


mg. N in 
lOCK^g. 

L->l. N 

3:^7.4 

- 

22.7 

Fri.Hchg(‘W. 

Ammuji X 

74.‘3 

-- 

187 


Amid N 

M2.H 

- 

34.V 


Amin » - X 

13 \I 

-6 

3?.9 

Amid Ammnii 

2.68 ■ 


2.7^ 


Ammon und Amid-N-Fraktionen mehr als am Ai)end findet. was zur Krgebnissen 
des vorigen Versuches widerspricht. In dersell>en Bezieliung stand der N-Gehalt der 
einzelnen loslicheii N Verbindungen sowohl auf dasGesamt-N als auf das gesamte 
Idsliche N bezogen, obwohl die Daten nicht hier angegeben sind. Her Quotient 
Amid/Ammon ist in einzelnen Fallen am Morgen meistens kleiner als am Abend, 
sodass morgens relative geringere Abnahme des Amid N oder sogar eine Zmiahme 
des Ammon-N geschJossen warden muss, obwohl er im Durclischnitt fast keia 
Unterschied zwischen den Morgen- und Abendbestimmuiigen aufweist. Aus diesen 
Krgebnissen kann man entnehmen dass beim gegebenen Falle die Saurezunahme 
am Morgen mit der Zunahme des loslichen bzw. des Ammon und Amid N im 
Zusammenhange gehe. Andererseits erwies sich der Eivveiss-N durchschni ttlich 
eine Zunahme beim Abendwerte, was die Eiweisssyn these wahrend der Tageszeiten 
andeutet. Der an der Eiweisssyn these beteiligte Kohlenstoff wiirde aber der 
Wahrscheinlichkeit nach von den Kohlenhydraten zur Verfugung gestellt werden. 
Wenn die OxalsSure wahrend der UmwandJung der Kohlenhydrate entstehen 
kdnnte. so wUrde die obengenannte geringere Abnahme der Saure am Abend bei 
diesem Falle als die beim vorigen durcfi diese Neubildung der Saure Hand in Hand 
mit der Eiweisssyn these herbeigef ithr t sein. Wenn es zutreffen sollte. so kdnnte 
die Saurebildung nicht mit dem Eiwdssabbauprozesse, sondern gerade mit der 
Eiweipssyn these mittelbar in inniger Beziehung stehen. 
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2, Versuche an intakten Blattsprei ten. 

a. Freilandpflanzen. 

Versuch 10. 

In diesem Versuch diente mir dasselbe Tndividuum, welches im Versuch 4 
benutzt wurde, nur besteht hier der Unterschied von den letzteren in auf 

die Lafie des Blattes (5. Blatt) und die Reihenfol^e der Analysenzei t, indein die 
eirie Halfte zuerst am Morten und die undere Halite am Abend abj^enommen 
wurde. Zur Bestimmun^ der Morjren Sanre und des N entnahm ich das Versuchs ‘ 
material um 4 Uhr 30 Min 5 Uhr 36 Min und zwar Abendbestinimunti um 21*- 
22 Uhr 2 Min. Zur Analyse wurden die Blattstacke von 0,214)36.4 fur die Siiure 
und die von 0.56 0. 77 k fiir die N VerbinduuKen verwendet. I)e: SomieiaufLran^ bzw 
-unterKang an diesem Tage war um 5 Uhr 39 Min. bzw. 17 Uhr 9 Min. Die Analysen- 
ergebnisse sind durchschni ttlich in Tabelle 15 angegeben. Aus diesen Zahlen 
kann man vor allem sehen. dass der Sauregehalt, wie in vorige Versuche der Fall 
ist, am Morgen viel grosser als am Abend ist. Die Zahlen sowohl de^ Gesamt-N 
als auch jeder N Fraktionen bezogen auf lOOOg Frischgewicht der Blattsprei ten 
sind ausnahmslos am Morgen grosser als am Abend ausgefallen Der Quotient 

Tabelle 15. 

Tagesschwank ungen des Saure- und N-Gehalts in der Blattsprei te 
( Freiiandpf lanzen) 

Von Morgen zu Abend. 


IVinerkuug 

Morgt*nVj(*st immnmr 

AbcndbcHtimmnng 

in«'. < )xh1hjiu 1 1‘ 

in lOA/g. Krischgt'W. 

: 1107.^,7 

1 

- 11 93.8 


(d'wttml N 1 

2869.5 

j - 364.7 



' 2603.2 

! - ;307.3 

iiig N in 


1 265.3 

1 - 57.4 

ICXXlg. 

F riHcl)y(*w. 

.Aninmn N 

i 46.0 

- 12.1 


Amid \ ; 

157.9 

~ 41.9 


.\mini>--N j 

61.4 ! 

1 

- 3.4 

Amid/ Aininuii | 

332 

1 

3.40 


Amid/ Ammon ist am Abend etwas kleiner als am Morgen, aber im grossen und 
ganzen beinah konstant. Also die Menge sowohl der S^ure als auch der einzelnen 
N-Fraktionen wurde wahrend der Tageszeiten von der Verminderung erlitten. 
Unter anderes deutet die Abnahme der lOslichen N-Fraktionen sehr wahrscheinlich 
ihre Wanderung in den Blattstielen an. Andererseits sollte das ziemlich grosse 
Mengenverschwinden des Eiweiss-N am Abend eine Zunahme der SMure verursa- 
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chen, wenn sie in ihrer Entstehunt^ hauptsMchlich von der Desaminierun^ der 
Eiweiftsabbauprodukte abh'^ntdR waren. Dieser Erwartunj^ eptge:Jien ist hier 
ziemlich Ki'osse Abnahme der Sr^iiire pefunden, S{jdass die Bildun^ der Qxalsaure 
mit dem Eiweissabbauprozesse weni^ tun zu haben scheint. in dieseai Punkt 
er^^anzt dieses Er^ebnis zwar den Befunde des Versiiches 4 ^e^eneinander. 
b. KiinstJich p^ezo^ene Pf lanzen. 

Versiich 11. 

In dieseii Ve^rsuch .t^enommenen Tndividuen. Nr. 13, 34 bzw. 60 waren je 172, 
136 bzw 130 iin Gewachshaus kulliviert worden iind dazwischen kam Nr 13 

schon auszubliihen. Zur Analyse warden die Blattstucke von 0.13-0.28^. fur die 
Saure, und die von 0.35-0.65^ fur die N-Verbindunvjen verwendet. Zur Mor^en- 
bestimmun^ wurde das Material um 4 Ijlir 30 Min. -5 IJhr 33 Min. und zur 
Abendbest immune we^en des starken Re)?ens urn 21 -22 14hr des nachsten Tav^es 
abKenommen. Der Sonncnauf^an^ an diesem Ta^e war uni 5 IJhr 49 Min und 
der Sonnenuntert^jui^ an nichsten Tacje utn 16 IJhr 56 Min. Die Ergebnisse sind 
durchschnitllich in Tabelle 16 angegeben. Tabelle 16 zeigt, wie irnmer. dass der 
Sauregehalt am Morgen etwas grcisser als am Abend ist. Der Gehalt an Gesamt-, 
Eiweiss , Ammon und Amino-N bezogen auf lOOOg. Frivschgewicht des Materials 
ist am Morgen grosser als am Abend, wahrend der Amid-N ausnahmsweise jin 
der Abendbestimmung etwas zu genommen ist. Der Quotient Amid/ Ammon ist 

Tabelle 16 


Tagesschwank ungen des Saure- und N-Gehalts in der Blattspreite 
(Mittelwerte aus 3 Blattspreiten kunstlich gezogener Pf lanzen) 
Von Morgen zu Abend, 


IWnuMkunir 

.Morjr(‘nbi‘Hiinmiun'j: * 

A ixoi'lbcsn mnui 

ing. Oxalnaure 

ill lOOOg. Fi 

InH'0. 1 

•- 2K).8 


(Tt'MrtJiit \ 


- 240.6 


Ei\M*iKH N 

20h 1 .2 

- 222.4 

ii)g. N ill 

J.ohJ. - N 

282.2 

- J8.2 

IOOOr. 




Frincligew. 

Ammon X 

48.2 

- 1S.8 


.Vmid-X 

I6I.3 

! + 21.6 


Amin >-N 

72.7 

- 24.0 

Amid/ Aminon 

3.34 

6.65 


am Abend ausnahmsios grosser als am Morgen. Diese Tatsache beruht auf der 
relative Abnahme des Ammon-N und Zunahme des Arnid N am Abend. Trotz 
der ahniichen Ergebnisse beim diesen Versuche mit den vorigen ist augenfiillig, 
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dass der Verlust der Saure erheblich und der des Eiweiss-N massig unterdriickt 
wurde, wahrscheinlich dadurch, dass die Abendbestimmung von ausserem Grunde 
an den Zweinial so lange befristeten Hlattern durchgefiihrt wurde. Also die 
dazwischen vorkommende NeubiJdung der Siiure bzw. Eiweisssynthese kann daran 
S<"huld habeii. Wenn die Sache so zii verstelien ware, so konnte die Saurebildung 
nicht mit der der Proteolyse, sondern mif deren Synthese vielmehr in innigerer 
Hezieliiing gestellt werden. 

3. Versuche an jeden Blattspreiten in intakler Pflanzen 

Versuch 12 (1933). 

Dieser Versuch wurde mit dem Individuum (Nr. 17), das 186 Tage in Wasser' 
kultiir gewesen war. ausgefuhrt. Zur Morgenbestimmung entnalim ich die 
Blattspreite um 4 Uhr 41) Min. — 5 IJhr 30 Min. und zur Abendbestimmung um 
21—22 Uhr. Zur Analyse wurden die Blattstucke von 0.06'0.22g. fur die Saure, und 
die von 0.30'1.04g. fur die NVer bind ungen verwendet. Der Sonnenaufgang bzw. 
-untergang an diesem Tage war um 6 Uhr 3 Min. bzw. 16 Uhr 37 Min. Die 
durchschnitllichen Ergebnisse sind in Tabelle 17 und die einzlenen Ergebnisse in 
Fig. 4 wiedergegeben 

Tabelle 17. 

Tagessch wank ungen des Saure- und N-Gehalts in der Blattspreite 
(Mittelwerte aus 7 Blattspreite kunstlich gezogener Pflanzen) 

Von Morgen zu Abend. 


lUniiorkimg’ 

Morj^eiibefitimiiiiiiig i 

Abe ndb CHt i nu mi ng 

Oxa'iHiUiro 

in ICX^C^- Friychgow. 

II12I.4 

- i'.2‘;,3 


G(*.Mamt N 

2368.3 

- 217.0 


t’iwcMKs N 

197^.2 

- 110.9 

mg N in 

J.ohI. N ' 

389.1 

- 106.1 

laiijr 

Frisc.h^M'VN, 

Ammon N 

64.9 

~ 29,6 


.\mid N 

215.4 

— 40.9 


Amin > N 

108.8 

- 35.6 

Amid/ Am mo II 

1 4.38 

1 

4.51 


Nun Tabelle 17 zeigt, dass der Sauregehalt am Morgen grosser als am Abend 
ist. Anderdrseits ist an der Fig. 4 ersichtlich, dass der Sauregehalt bei den 
Blattspreiten in der Reihenfolge der Knoten von der Basis nach der Spitze zu 
abzunehmen neigt, wahrend der Unterschied zwischen Morgen- imd Abendbestim- 
mung bei alten Blatter grdsser als bei jlingeren Blattspreiten ausfailt. Was den 
auf lOOOg. Frischgefwicht^bezogenen absoluten G^alt an Gesamt-, Kiweis^- und 
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fallen loslichen N-Fraktionen anbetrifft, so ist der Morgenwert -j^rosser als der 
Ab^idwert. Im G^ensatz zum Saurgeehalt steigt der Gesamt bzw. Eiweiss-N 



Kig.4. Tin?f^Hcbwanknne'('n don SA\irO“ ural N (iehalls in tier Klattnpreite von 
Ei'diLHitf ih( \ MM{. \r. 17 . 18:? IvalttJr ini ( 

Morff<Mi\v<‘rte 


Si I urn 


— — — KiwoiHH N 
L(VI. N 


Abn.uJ\vnrt(‘ 

Sjluro 
Kiwri.^?^ N 


allmahlich von der Basis nach der Spitze bin auf, wahrend bei deii Idslirhen 
N-Fraktionen meistens die Neigung zum umgekehrten Verhaltnis daran herrscht. 
Der Quotient Amid/ Ammon ist in einzelnen Blattspreiten sehr vervschieden. aber 
zum Amid verschoben; er ist in iilteren Blattspreiten am Abend grosser als am 
Morgen, wjihrend die Sache in jungeren ganz umgekehrt ist. Die Sehwankung 
dieses Quotienten Biuft bei der Morgenbestirrimung nicht parallel mit der der 
Sauremenge, obwohl sie bei den Abendbestimmungen eine Neigung zum Parallel- 
gehen miteinander aufw^eist. Diese Ergebnisse stimmen mit der der entspre- 
chenden intakten Freilandpflanzen ^anz gut Uberein. (Versuch 7). Der tageszeit- 
liche grosse Verlust an der Saure (Abendwert) hat sicher nicht mit dem 
Stoffwechsel des Eiweisses bzw. mit der Eiweissabbauprozesse zu tun. weil der 
EiweisS'N bei den iibrig belassenen Blatthiilften fast immer von der Verminde- 
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runi^ erlitten ist, unabhaiiRig davon, db man die Analyse in der Reihenfolge von 
Abend zu Morgen cxier der umgekehrten durchgefiihrt. An der Eiweiss-N- 
Verminderung in den ubrig belassenen Hlattalften beteiligt fehr wahrscheinlich 
der Verwundungseffekt. Also ist hierrnit auch nicht sicher nacligewiesen, dass 
die Oxalsaur-bildung mit der Desaminierungsprozesse der Eiweissabbauprodukten 
in kausaler Beziehung steheii soUle. 

Versuch 13. (1934). 

Dem vorigen Versuch (1933) entsprechend vvurde hier die genannten Ergeb 
nisse noch einmaf zur Nachprufung gezogen worden Zur Bestimmung der 
Tageswerte des Satire und des N-Ciehalts in der Blattspreite wurde ein Indivi- 
diium (Nr. f)!)) genornrnen. da.s schon 246 Tage lang in Kultin* gewe-sen war, Ziir 
Morgenbestimniung vvurde die Blattspreite uin 4 -5 Uhr 20 Min. und zur Abend 
bestimmuung urn 20 21 Uhr 38 Min. abgenomtnen und sofort verarbeitet. Die 1., 
2. und 3. Blattspreilen wareu schon blassgriin geworden, iibrige BJattspseiten 
Waren aber n(X:h grun und ausserlich ganz gesund. Zur Analyse wurden die 
Blattstiicke von 0.1 l-0.3r)g fiir die Satire und die von 0 30-1. 36g. fur die N-Verbin- 
dungen verwendet. Der Sonnenaufgang und untergang an diesein Tage war um 6 
Uhr 24 Min. bzw. uin 16 Uhr 21 Min. stattgefundeii Die Analysenergebnisse 
sind in iiblicher Weise in Form einer Tabelle und Figur wiedergegeben, 

Tabelle 18 

Tagesschwankungeu des Siiure- und N Gehalts in der Bkittspreite 
(Mittelwerte aus 7 Blattspreite kiinstlidi gezogener Pflanzen) 


\3)n Morgen zu Abend. 


I Vincrkaiiir 

1 immune 

J Abendbcstimnuing 

mV dxalsnuK* 

ill l'.)(K)(r b'l iKclii><*\v 

1 1 

- 722./ 


V 

I 

- 


.\ 

\7My 

- 12^.9 

\ ill 

1 i.r8;..N 


7.4 


Anininii-\ 

i 

(\e> 


Amid \ 

I27,V 

— 


Ammn N 

1 

0.2 

Amid / Ainuioh 

\j:\ i 

1.^8 


Es geht aus Tabelle 18 hervor, dass der durchschnittliche Sauregehalt der 
Blattspreiten am Morgen grosser als am Abend ist. Der Gehalt an Gesamt- und 
Eiweiss-N. der auf lOOOg Frischgewicht des Materials bezogen ist, ist auch am- 
Morgen grosser als am Abend, trotzdem bei den Idslichen N-Fraktionen gar keia 
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Unterschied dazwischen zu erkennen ist. Beziiplich der taglicheii N -Sc hwank ungen 
kann man an der Fig 5 sehen, dass der Gehalt an P2iweiss-N gleichwohl am 


7L 



5. 'l'iig‘«*Hechvvaiik.iii;^on d(‘H Sanre and N (iflialts in dnr 1 >latl5pnMt<' von 
lif'n )nja Evfuixiunn AMut. (^Nr. 24o Knlttir iin achslmas < 

Moiymiv, tMt(‘ Ahendwto’tv 

■ " Sann‘ Siiuri* 

— — piwt iNS \ - I'iwi ias \ 

Morgen und Abend von den alteren zu den jiingeren Hlattspreiten ununterbrc.chen 
jBtark aufsteigt. Dagegen bei den ibslichen N-Fraktionen lauft die Reihenfolge 
meistens in umgekehrter Riclituiig. Der Quotient Amid/ Ammon zeigt ganz 
schwaches Oberwiegen des Amids gegenuber dem Ammoniak und zwischen den 
einzelnen Ziffern finden sich ganz kleine Schwankungen. Augenfallig ivst es auch 
hier, dass der N-Wert bei den zuerst analysierten Blatthalften immer grosser 
als dem bei den iibrig belassenen ausgef alien ist. unabhangig davon. ob die 
Versuche von Morgen zum Abend oder umgekehrt ausgefiihrt werden. Das muss 
so gedeutet werden, dass die N-Verbindungen, u. a. Eiweiss N, nach dem Absch- 
neiden der oberen Blatth^lfte, in den iibrig belassenen durch unbekannte Ursache 
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stark zum Zurucktreten gerichtet wurden, mit anderer Worten, dass wir hier 
mit dem Verwundungseffekt zu tun haben. Anderseits nimmt die S^ure immer 
wahrend der Nacht zu (Morgenbestimmung), und steht nicht in Beziehung mit 
der Ordnung der Versuchsausfuhrung (vom Morgen zum Abend oder vice versa). 
Wahrend dieser Versuche andert bich trotzdem die Kohlenhydratmenge beinah 
nicht, wie man spater in dieser Abhandlung erfahren wcirde. Dagegen nehmen 
die N“Verbindungen, ii.a. der Eiweiss, immer weiter ab, sodass die N-Menge fast 
immer in den spater ausgefiihrten Bestimmung kleiner ausfallt. Wenn die 
SMurebildung mit dem Eiweissabbau in kausaler Beziehung stehen vSollte miisste 
man bei der spateren Bestimmung eine Zunahme des loslichen N. erwarten, Der 
Ibslichen N. bzw. Ammon oder Amid-N, vermindert sich der Erwartung entgegen 
im allgemeinen bei den spateren Bestimmungen, doch in Vergleich zum Eiweiss N 
so schwach, dass man ohne Ciefahr als unverandert betrachten kann. Alle diese 
Tatsache sprechen schwer fur die Annahme der Oxalsaurebildung durch I>esami- 
nierung der Eiweissabbau prod ukte in unserer PfJanze. 

V. Der Saure und N Gehalt in der mannlichen und weiblichen Bliite. 

Versuch 14. 

tlber das Verhaltnis zwischen dem Saure- und N-Gehalt der mannlichen 
BlUten ist schon mitgeteilt worden (11 Mitteilung. 1933). Urn weiter dasselbe 
Verhaltnis in einer und denselben weiblichen und mannlichen Bliite zu erforschen, 
wurden die Analysen durchgefiihrt, deren Ergebnisse in Tabelle 19 wiedergegeben 

Tabelle 19. 


Der Saure- und N-Gehalts in den mannlichen und weiblichen Bluten. 



3 weibl. liliiUm, 
halbentwickc'lt 

^ woibl. OiUi/eu, 

! voDetundig- 
1 cmivvickelt 

MitU?)wert 

6 luilnnl. i^iiiten, 
VullHtAndIg- 
(*nt,wickc4t 

PriHcUgow. (1. 
MaterialH. iiisr. 

446.863 

672.93 i 

561.397 

320.:^5 

OxalHaurc^ jiig. 

2.872 

3.225 

3.049 

2.319 

rug. Oxalrtiiure in 
lOoOfir. KriHchtt-ew. 

6384.1 

4792.4 

5431.1 

7238.6 

PriHcngew. cl. 

me 

621.793 

; 921.624 

771.709 

439.561 

GeRaint- N mg. 

0.6380 

1.1956 

0.V398 

0.7658 


Geraint A 

1 098,4 

1297.2 

1197.8 

1742.1 

o 

KiWC'LHH A 

1 1 .4 

I 1114.9 

1013.2 

1407.7 


N 

186.5 

1 182.3 

184.4 

334.4 


Aininnn X 

24.0 

38.7 

46.4 

145.8 

® £ 

Amid \ 

94.6 

100,8 

97.5 

95.5 


Amin*) N 

37.9 

43.3 

40.6 

93.1 

Amid/ A mm* HI 

1.75 

2.59 

2.17 j 

0.66 
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Sind. Es geht aus Tabelle 19 hervor, dass der SMuregehalt der mannlichen BUite 
’den der weiblichen Bliite stark iiberwieKt. Weiter ist daraus zu entnehmen, dass 
der Saure{?ehalt der halbentwickelten weiblichen Bliite Rrdsser als der vollstandit? 
entwickelten weiblichen Bliite ist. Was zunachst den Gehalt des C^esamt-, Eiweiss- 
und loslichen N, der auf lOOOg Frisch^ewicht des Materials bezojsjen ist, betrifft, 
so ist er bei der mannlichen Bliite ^ 2 :r 6 sser als bei der weiblichen. Unter den 
loslichen N-Fraktionen sind der Ammon- und Amino-N bei den mannlichen Bliiten 
sogar vielmal so reicher als der bei den weiblichen gefiinden. Bei den weiblichen 
Bliiten ist er bei den halbentwickelten etwas kleiner als bei vollstandig entwic- 
kelten, wahrend der loslichen N-Gehalt bei beiden Entwicklungsstadien ganz 
ahnlich ausgef alien ist. Der Quotient Amid/ Ammon ist bei vollstandig entwickel- 
ter mannlicher Bliite 0.66 im Ge^:?ensatz zur vollstandig entwickelten weiblichen 
Bliite 2 59 und halbentwickelten 1.75. Somit es konnte uns veranlassen darauf zu 
schliessen, dass fiir die Saurebildung bei den Bliiten der N-Umsatz eine hervor- 
ragende Rolle spielen soli, weil zwischen dem Sauregehalt und N-Umsatz eine 
Parallelismus besteht Was man aber anderseits weiter in Betracht ziehen soil, 
muss da sein.dass sich bei den Bliiten gewohnlich die Atmiing so lebhaft vorzieht, 
dass die Beteiligung des Kohlenhydratumsatzes an der S^urebildung nicht ausge- 
schlossen warden kann. Um dieser Frage zu entscheiden reicht dieser Unter- 
suchung n(x:h nicht; doch scheint es mir,soweit es das Verhaltnis zwischen der 
SSurebildung und dem N-Umsatz anbetrifft, sehr wahrscheinlich, dass wenigstens 
bei den Bliiten die genannten beiden Vorgange zueinander innig zusammedhafigen, 
in dem Sinne, dass die von Kohlenhydratumsatz gebildeten Siluren zur Eiweiss- 
synthese eingefiihrt werden konnen. 

VI. Das Verhaltnis zwischen dem Saure und N -Gehalt unter 
kiinetlicher N Anreicherung cN’^^^^^firungsvarsuche \ 

Aus den Ergebnisse voriger Abschnitte ist es fraglich geworden, ob die 
S^urebildung im Begonia hauptsachlich auf die Eiweissabbau- oder -aufbauprozzesse 
abhSngig sein kann. Notwendige Folge davon ist es, dass man durch kiinstiiche 
Regulierung des N-Gehalts in den betreffenden Pflanzenteilen eine weitgehende 
Einsicht in die Beziehung zwischen den beiden Erscheinungen zu gewinnen strebt. 
Eine solche kiinstiiche N-Regulierung kann durch Zufuhr der leicht permeierenden 
N-Verbindungen erreicht werden. Die stickstoffangebotene Pdanze nimrnt im 
allgemeinen sehr energisch den N auf ^ was selbstverstandlich zu einer erheblichen 
AnhMufung von Idslichem N in der Pflanzenzelle fdhrt. Dieser losliche N geht, 
nach UntersuchuKigen mehrerer Autoren, stets zum Ammoniak iiter. Es ist also 
der Eigentiimlichkeit des Versuchsmaterials iiberlassen, in welcher Form dieser 



408 


M. KIUBATA 


Ammoniak entgiftet und deponiert wird, ob als AmrrKjniumsalz oder irgend einer 
anderen Form; denn irgendwie miiS8 bei jeder Pfianze die Ammonisik tension auf 
ein Minimum herabgesetzt werden, anderenfalls sie geht bekanntlich sehr rasch 
von Ammoniakvergiftung zugrund. Bei der Durchfiihrung dieser N-Ern^hrungs- 
versuche wurde zum Teil der Methodik M. KULTZSCHER s nac hgegangen : Als 
NcihVvstoff dienenden Cheinikalien stammten grossenteils von KAHLBAUM ‘ Zur 
Analyse ” Reagenzien und warden erst nach wiedrholter Umkrystallisieruug 
benutzt. Die Versuche mil Ausnahme der Ammoniumsulfat und Calziumnitrat- 
fiitterungen, warden steril durchgefuhrt. Alle N-Losungen ausschliesslich des Harn* 
stoffvS wurden im KoCHschen Dampftopf sterillisiert. Wegen der Zersetzbarkeit 
des Harnstoffs bei der Hitzsterillisation wurde die Harnstoff Idsiing aber kalt 
sterillisiert. Der trockene Harnstoff wurde in einem vorher getrockneten 
sterillisierten Kolben 50 St. lang unter Zusatz von Athy^ther gebracht, dieser 
dann bei Laboratoriumstemperatur durch Wattebausch abgedampft und sterilli- 
siertes Wasser kalt zugegeben. Fur die Entnahme der verschiedenen N-Lbsungen 
von Vorrat in die Versuchskolben wurden alle mbgliche Sorge dafiir getragen, um 
die 'genannten Lbsungen jederzeit steril erhalten kbnnen. 

Es wurde mit Ausnahme weniger Versuche die al^geschnittenen Blotter der 
kiinstlich gezogenen oder Freilandpf kmzen benutzt. deren Stiel den Wattepropfen 
hindurch in die N-Lbsung in den 250cc. fassenden Versuchskolben eingetaucht war. 
Vor dem Einsetzen des Rlattstiels in die Versuchskolben. wurde er mit 
Broitiwas^^er 5 Min. lang sterillisiert und seine Schnittfl belie mit Paratbn versch- 
loS£en. mit steriles Wasser gewaschen. und danach etwa 2-.5cm . oberhalb der 
Parafhnknppe abge.^chnitten. Die Versuche wurden an zerstreiiten Licht im 
Gewachshaus bei 18 22 "'C durchgefuhrt. 

A Versuche an abgeschnittenen Blattspreiten 
a. Ammoniumsulfat futteruiig. 

Zum Zweek der N-Anreicherung in der Pfianze wurde zuerst die abgeschnittene 
Blattspreite in die Ammuniumsulfatlbsung eingetaucht; Aus Ammoniumsulfat Ibsung 
scheint hauptsachlich das Ammoniumion aufgenommen zu werden, wie OVERTON 
zuerst feststellte und andere inehrere Autoren bestbtigte; daher habe ich in diesem 
Verscch das vSulfation ausser Acht gelassen. Durch diesen Ernahrungsversuch 
wurde das Gleichgewicht zwischen C ind N in der Pflanzen erwartungsgemdss 
stark zum N hin verschoben. Bloss in dieser Hinsicht gesehea rnbge dieser 
Versuch ausser lich ahnlich schien de.m Versuche, wo die Kohlensaureassimilation 
verhindert wurde. Der Unterschied liegt zwar darin, dass bei ben N-ErnShrungs- 
versuchen der absoluten Gehalt an Gesamt-N und C gleichsam vergrbssert 
werden kann- Es ist daher interessant zu erforschen, wie sich der SMuregehalt 
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unter diesem Umstande verhalt. 

Versuch 15. 

Zur UntersuchuiiK kamen 3 Pflanzen. die eine im Freiland und die tibripfen in 
Wasserkiiltur gezo^en waren. Unter den letzteren war die eine (Nr. 25) 186 und 
die andere (Nr. 26) 169 Tage lang in Kultur Kewesen und jede stand schon in Bliite. 
Es wiirden von jeder Pfianze zwei Bl^ttern ab^enommen, wovam das eine fur 
Kontrollversuch und das andere fOr Amnionsulfatf utterunKsversuch benutzt wurde. 
A lie Versuehsblatter standen mit dem Stielen 2 T^ixe lan^? in der Lfisung, die 
0 25“,, Ammonsulfat enthielt; dann wurden sie weiter 1 Tajj lanR in destilliertem 
Wasi'er gebraehl. um ein md^lichst vidliKes Entfernen von adsorbiertern und in 
den LeitunRsbahnen anRehauften Animoniak zu erreirhen. Das Kontrollblatt 
wurde daKe^en 3 Tai^e lanR in dcm wasj'erj^efullten 25()ce fassenden Kollx^ri mit 
ihrem Hlaltstiel einKetaucht ; destilliertes Wasser wurde je am dritten Ta?^e 
mneiiert Nach dieter FutterinR waren die Spreiten p^anz frisch^iin wie vor 
dem Versuch und ausserlich keine Schadij.?un^ festzuslellen Der Versuch wurde 
den 4 IX begc nr.(‘ii. den 7. IX. 1935 ^eendet; die Blotter wurde jedesmal sofort 
analysiert Die Analysener^ebnisse sind durchschnittlich in Tabelle 20 zusam- 
menpje.stellt. 


Tabelle 20. 

Der Sam e ui.d N Stoffwei hscl in abgeschnjt tejie Hlattspreiten unter 
kuntlicher N Anreicherunp^ 


PfUirzAMuDi 


Hlalisprcite 


BlattpticI 


-f 1 mhICsI 


Bcmcrkunjr 

Koiii 

rt »! If 

(MI.VSO,, 

0.25% 

Cn nog 

Knlil 


0.25y, 
(’a( NO, 

o.2y>„ 

(Nll.)..80 

o.z^x 
('a' VO,\ 

mu’- ( >xaif-rinn* in 
IUVjlT. Fi ischL»-cw. 

Siso.l 

-f 60^. I I 


8'^72.^ 

4-741.“ 

-8 ‘^2.80 

4“-75.5 1 

4-f' 1 2.8 


(.iestUHt X 

l'.2v.O 

+ ^64.7 

-8207.“ 

59s .7 

-8 521.4 

■f Id7.5 

-8542.0 

4 225.7 


I 'iwt N 

1 4J I ^ 

4-298.7 

i 204.8 

285.6 

+ 72.6 

4- 28.0 

4-225.7 

4 I 16.4 

E . ? 

\M, \ 

\^-7A 

4- 166.8 

} 102.1 

210.2 

4-468.3 

+ 125.2 

4- 207.2 

+ 119.2 

• G 

6i .'Z. X 

Anumn \ 

62.8 

+ M8.2 

+ 101.6 

106.7 

4-280.3 

4- 77.5 

-824“. 2 

+ 8“.5 

z: ** 

.Vinid N 

82.S 1 

-- 7.0 

- 26.1 

78.h 

4- 41.8 

+ 22.2 

4^ 17.4 

4- 3.5 


A mi IK » .\ 

52.1 

-f 44.6 

4- 26.7 

24.y 

4- :k^.7 

-8 25.8 

4 40.7 

4 2o..2 

Aiiiid .\ mnion j 

1.4? 

()A2 

0.48 

i 

0.25 

0.65 

- 


AuvS Tabelle 20 ist ersichtlich, dass der Gesamt-N Gehalt im lOOOp: Frischpie- 
wicht des Materials bei^den Vervsuchsptianzen grosser als Kontrollpdanze ist und 
dabei die deutliche Zunahme des sowohl Eiweiss- als auch Idslichen N augenf^llig 
i&t. Nach der Ernahrtng wird der Quotient Amid /Ammon augenfallig kleiner, 
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was auf die stSrkere Anh^iifung des Ammoniaks beruht. Das Men^enverh^ltnis 
des zugenommenen Stickstoffs in verschiedenen Formen ist aber bei den versch- 
iedenen Organen etwas anders ausgefallen Und zwar bei der Blattspreite hat 
das Eiweiss-N, im Gegeasatz zum Fall des Blattstiels den loslichen N stark 
iiberwogen. Das deutet dahin, dass einerseits der Eiweissaufbau im Blattstiele 
nur eine ganz untergeordente Rolle spielt und dass andererseits sich dort die 
aufgenommene Ammonium verbindung in grosseren Menge als solche findet. Tro 
tzdem ist die Zunahme der Sauremenge im Blattspreite der im Blattstiele entgegai 
klein gef unden. Es ist weiter augenfallig, dass der aufgenommene Ammon N 

(gefundene Ammon-N und Amid-N gleich 100 gesetzt ) im Blattstiel nur bis auf 
wenigem Prozeiitsatz in Form von Amid wiedergef unden wurde. wahrend der 
Amid-N bei der Blattspreite sogar zum Velust gefuhrt wurde. Als ganzes Blatt 
berechnet betragt dort aber die in Form von Amid wiedergef undene Ammon N- 
Meiige nur 22 %' der aufgenommen, sodass die Eigenschaft der “ Amm(ynpflanze ” 
erhalten bleibt. Zu diesem Sachverhalt in dem N Stoffwe:hsel entgegei nimml 
fiir sich der Sauregehalt in den Blattspreiten und -stielen ganz ahnlich zu, s(xiass 
die Oxalsaurebildung vielmelir mit der Eiweisssynthese in innige Zusammenhang 
stehen, und mit dem Eiweissabbauprozesse bzw. darauf folgendem Desaminierungs- 
prozesse vvenig zu tun haben kann. 

Versuch 16. 

Der Versuch 15 leidet von dem Nachteil, dass die Anfangswerte an je einem 
und demselben Blatt nicht ermittelt werden konnten. Es ist unbedingl notwendig, 
dass wir wenigstens einmal dariiber klar sind, wie der S^ure- bzw. N-Stoffwechsel 
bei einem und demselben Blatt unter der kiinstlichen ZufUgung der N VerlMndungen 
verSndert wird. Zum letzteren Zweck wurde ein Individuum Nr. 28, das fiir 229 
Tage lang im Gewachshaus klinstlich gezogen und schon ausgebliiht war, analysiert. 
Die Blattspreite wurde, wie in meiner ersten Mitteilung dies^r Untersuchungsreihe 
angegeben ist, quer in zwei gleichen Teilen durchgeschnitten und eine Hjilfte 
sofort analysiert. Die eine andere mit dem Blattstiel versehene Halfte wurde 
vor Analyse mit dem Stielen zwei Tage langim 250cc. fassenden, mit 0.25% (NHi):- 
SO4- Losung beschickten Kolben gebracht und dann noch ein Tag in destilliertem 
Wasser stehen gelassen. Fiir den Kontrollversuch wurde die fiir 220 Tage lang 
klinstlich gezogene Pdanze (Nr. 50) genommen, und die Blatter, in gleicher Weise 
wie beim N-Emahrungs versuch, anstatt in 0.25%'iger (NKJ^SO^ -Losung, in destil- 
hertem Wasser eintaucht. Der Versuch wurde den 5. IX,. 1935 begonnen, den 8. 
IX. geendet und die Blattspreiten wurden ohne Aufschub analysiert. Die erhal- 
tenen durchschnitt lichen Ausschlage sind aus Tabelle 21 ersichtlich. 
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Tabelle 21. 


Der Saure und N-S toff wet: hsel in abgeschnittene Blattypreiten unter 
kunstlicher N-Anreicherun^ 



Knlltrolll 

MH.Oi i 

.. 1 

('.25",; ( .\'H4 t,sr), 

^\25A; c 



Nach j 

Vornuch 1 

\3>r 

\X‘rHn(’li 
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\’ (‘rnuch 

V> )r 

\'(‘rH(ich 
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Vc P'^iich 
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N 
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-}- 49.3 
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2837.6 

- :wA7 


N 

2'.)7 1 .4 

8.2 

27;r''.4 

— 64.'.' 

253837 

- 250.3 

t') ti 

LfV). \ 
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-f 57.5 

228.4 

+ 275.5 

2^8/^ 

+ l6'5' 


Aiuiii'iii X 

‘■^S 4 

- 0.6 

42.t, 

-1 214.3 

87.2 

+ 92.4 


Amid .\ 

15.5 

+ 1 1 

1 12.5 

+ 71. S 

50.8 

-f 134.7 


Ammo N 

8?.^> 

0 46.2 

82.2. 

- 10.4 

151.^ 

- 57.5 

Ainiil, Aiiuncii 

0.28 

1 0.50 

■ 2.66 

1 0.72 

! 0.69 

1.08 


Die irn Wasser ^estandene Kontrollpflanze zeijijt nach dem Versuch j^anz kleine 
Zunahme an, sowohl der Saure als auch der losliche und Amino-N, Bei der 
Vertiuchspfianze nimmt der losliche N stark zu. wahrend der Eiweiss-N massig, 
aber starker als bei der Kontrollpflanze abninimt. Dieser Abnahme des Eiweiss- 
N, entgegen, ist der N um 2000nig. pro lOOOg. Frischgewicht aus Ammoniumsulfat- 
losung aufgenomtnen, und um 2/3 davoii findet sich in der Form von Ammonium- 
salze, sodass sich unter den loslichen N-Fraktionen der Ammcjsi-N enorm und der 
Amid-N nur massig zugenommon ist. Was nun den S^uregehalt anbetrifft, so ist 
er nach der Ammoniumsalzernahrung 12mal so gross wie der bei der Kontrolle 
zugenommen. Wenn der Anteil abgenommenes Paweiss,(64 9nig. x 6^5) gerade zur 
Saurebildung verarbeitet wurde, so miisste die Oxalsaure etwa llOOmg. pro lOOOg. 
Frischgewicht zunehmen, was der gefundene Menge nahe stelit. 

Die Kohlenhydrate, wie man spater in dieser Abhar^lung erfahren wurde, 
weisen dazwischen keine nennenswerten Schwankung auf, sodass hier die Eiweiss- 
abbauprozesse auf die Saurebildung in inniger Beziehung zu stehen seheint. 
b, Calziumnitratfutterung. 

Das Nitrat gehort nicht so reichlich verbreiteter N-Form in Pflanzenreich, 
die Ausnahme davon bilden nur die sogenannte Nitratpflanzen, wie Amaranihus, 
Chenopodium, Uriica, Mercurialis, Solanutn, Sinapis, Helianihus, Capstla und viel 
andere. So es bietet ein interessantes. Problem das zu erforschen, wie sich die 
N-Verteilung und der SMuregehalt verbal ten, wenn die Begonien in der Nitrat Idsung 
Kezogen werden. 

Vereuch 17. 
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Ziim Versuch kamen die^elbea 3 Freilandpflan'iei, die gerade zum Versuch 15 
verwendet warden. Von jeder Pflanze wiirden je 2 Bl itter abj^enommen, inden das 
3. Blatt von imten fiir den Kontrollversuch imd das 4. Blatt zur Nitrateniihranc^ 
beniitzt wurde Die abj^e.schnittenen Blattex-* der zwei Pdanzen Nr. 25 imd 25 
standen mil den Stielen 48 St. in 0.259^ij?er CalziumnitratldsunLr und darauf noch 
24 St. im Wasser; hint?e; 2 :en beim Kontrollversuch standen sie 52 St. in destillierte n 
Wasser, was nach 48 St. einmai erneuert wurde, Nach dieser Vorbehandlunsi 
waren die Blitter sowohl der Kontroll als auch der Versuchspflanze noch sch 
warzKrlin und ausserlich keine Schidij?unj^ daran festzustellen Die Versuch 
wurden von den 4 TX. bis 7. IX. 1935 im Gewachshaus ausKefuhrt und auf der 
Stelle analysiert Die Analysener^ebnisse sind in Tabelle 20 zusammentrestellt 
Aus Tabelle 20 ist ohne weit ers ersichtlich, dass bei der Versuchspfianze die 
ahnlich starke Siurezunahme wie bei Ammoniumsulfatfijtterun^ stattfand Was 
den Gehalt des N nach der Hrhihrunt? anbetrifft, so nimmt der Eiweiss . und 
Ammon-N ebenso wie beim Ammoniumsulfatfiitterun^ zu; die betreffende Zunah’ 
me betraj^t dort abe- niir die Hilfe de' de^ letzteren Fades. Aus der Tabelle 
•geht weiter hervor, dass der Anted aufpceno.nmenes Nitrat-N. (aus denen als 
Reduktionsprodukt Ammon-N bzw. Amid-N in Betracht kommt) wenij^er leicht 
zur Amidsynthe.se als bei der Ammonium-N verwendet wird. Der Quotient Amid^ 
Ammon zei^t ein deutlicnes Dberwie.ujen des Ammoniaks j^egenuber dem Amid und 
er betragt bei der Versuchspfianze 0.19--1.27 gegenuber 0.54-1.90. bei der Kontrolle. 
Jedenfalls sprechen die Ergebiiisse vielmehr dafiir, dass die Saurebi Idling mit der 
Eiweisssyn these, wenn iiberhaupt der Eiweissumsatz irgendwie damit zu tun hatte, 
in Beziehung stehen vSolIte. 

Versuch 18. 

Um die Ergebnisse des vorstehenden Versuches an einem und demselben Blatt 
nachzupriifen wqrde ein Individuum Nr. 22, das 229 Tage lang in Gewachshaus 
kiinstlich gezogen wurde, zur Calziumnitratern^hrung verwendet. Es war ca 60cm. 
hoch, trug 9 Blatter und schon ausbiuht. Zum Versuch wurden die an den 4. und 
5. Knoten von unten sitzenden Blotter abge^chnitten, deren Blattspreiten quer in 
zwei gleichen Teile.i durchge>chaittea wurdea; die einen H^ilften wiirden sofort 
analysiert, die einea anderen HUlftea standen 2 Tage lang in der 0.25%^ Calzium- 
nitratlosung und dann weiter 1 Ta.g in destilliertem Wasser mit dem Blattstiel 
Die Kontrollpflanze wurde bloss in destilliertem Wasser mit ihrem Blattstiel 3 
Tage lang gehalten. Aus der Ergebisse (Tabelle 21) kann man zunachst klar 
sehen, dass das Eiweiss-N nach der Nitratkulturen stark abnahm im Gegensatz 
zum vorstehenden Versuch, wo die massige Zunahme der Fall war. Andererseits 
ist es augenfallig, dass di^ S^urebildung beinah doppelt eo gross wie beim vorigen 
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stattfand. 

Eine andere Merkwiirdi^keit liegt darin, dass hier das Amid-N das Amintm-N 
iiberwiept; beim vorstehendea Versuche war das Verlinltnis ganz umi^ekehrt indem 
das Amid-N nach wie vor der Nitratkultur fast imverandert blieb. Diese 
Tatsachen scheinen daraiif zu beruhen, dass die ein Teil der hier pefimdenea 
Sauremenj^e mit der Desaminieruncr der Eiweissabbauprodukte genetisch i^ekopi^elt 
entstanden ist, weil hier vermehrte Amid N-Mepcje sicher an dem Eiweissabbau- 
prozesse zu verdanken sei. Oder die Sache ware so, dass die Saiirevennehrun^? 
beim Hlatthalftenversurhe von irmerer Griinde, etwa sich an der Verwimdun^ 
Kekniipft, anders als beim Ganzblattversuche verlaiift. 

c. AsparaRinfiittenmjj:. 

Unter den alteren Arbeiten der kiinstlichen Asparai^nem ihrunj? I^ei BEitterYi 
sei nur die Arbeit von vSapoSCHNIKOVV zu erwjhnen, die bei F?7rs‘-BIattern auf 
Kosten von Asparagin die Eiweisssynthese neben einer Vermehrimcj des Nichlei- 
weiss-N (Idslichen N) feststellen konnte. Im Jahre 1926 studierte MOTHKS den 
N-Stoffwechsel von Vtna faha und Phaseolm mult if lor us. unter AsparaKinernnhrimg 
und stellte dal^ei fest, da>ss bei eini^en Versuchen im allK^meinen die Eiweisssyn- 
these auf Kosten des zugefiihrten Aspararagins t^eobachtet werden konnte, 
wahrend bei anderen diese Erscheinun^. trotz aus^ebij^er Kohlenhydratzufuhr, 
nicht zu finden war; Pa weissyn these wird in jun^en Blattern bei Ge;?enwart von 
geniigenden Kohleahydraten immer hervorgerufen, wenn Aspara^in j^eboten wird; 
dape^en bei alten Bl^ttem wird ihrer Eiweisshausha It eben bei Kohlenhydratzufuhr 
nur schwer oder liberhaupt nicht balanziert. Sie bauen Eiweiss ab, wenn auch 
im Lichtversuch Kohlenhydrat angereichert, oder im Dunkelversuch kiinstlich 
(dukose zugefiihrt wird. Das Blattalter iibt ^rossen Einfluss auf Eiweisssynthese 
oder Eiweissabbau aus. 

Nach Versuchen DiETER’s wird die Amid^jrruppe des Aspan4;^ins weder durch 
Karende noch durch nichtgarende Hefe (sofem sie sich nicht weiter wachsen) 
abspalten; die gegenteiligen Befunde waren aber von O.v. Fl^RTH und FRIEDMANN 
an autolysierter Brauerhefe und von KURONO an Sak^hefe mitgeteilt worden. 
Diese scheinbar widersprechenden Ergebnisse der einzelnen Bearbeiter erklaren 
sich zwanglos aus der grossen Empfindlichkeit der Hefeasparaginase, die besonders 
in wassriger, schwach sauer l.osung zutage tritt. Bei pH 5.0 und O^C fanden 
GrasSMANN und Mayk in einzelnen Versuchen schon nach einer halben Stunde 
mehr wie zwei Drittel des Enzyms zerstdrt. Die S^ureempfindlichkeit dieses 
Enzyms, der eine relativ hohere Bestandigkeit bei alkalischer Reaktion ge;?en~ 
ubersteht, ist demnach grosser als die bei irgemieinen der bekannten Hefeenzyme 
sie (Ibertrifft diejenige der Maltase bei weitem. Nach CLEMENTI liegt aber das 
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Optimum der Asparaj^inasewirkung im Gebiet neutraler oder ganz schwach alka- 
lischer Reaktionen. Nach KURONO wirkt Asparaginase aus Bier- und Sak^hefe 
nicht nur bei schwach alkalischer, sondern auch bei saurer Reaktion. Nach K. 
SHIBATA und WAKSMAN greifen ebenfalls die Schimmelpilze und vielen Bakterien 
Asparagin ?n. Bei hoheren Pflanzen fand KlESEL bei Vida saliva und Lupinus 
albus die Asparaginspaltung durch den 4-wochige Keimpfianzensaf t, die nicht 
durch den Alkohol gefallt wordei war. Ganz kiirzlich KULTZSCHER wies durch 
Untersuchungen des N Stoffwechsel von sogenannter “Amid-” und “Ammon pflanzen” 
unter Asparaginernahrung nach, dass sie unter obenerwahnten Bedingungen ganz 
verschieden verhalten; wi hrend Asparagin in “Amidpflanzen” als spezifische 
Speicherform liegen bleibt. soweit es nicht zur PZiweisssynthese Verwendung 
finden kann, vvird es in “ Ammonpflanze” (Saurepflanze) energisch zu Ammuniak 
abgebaut, und als Ammonsalz deponierl wird; mit erhohter Wasserstoffionenkon- 
zentration scheinen auch eine gesteigerte Abbauintensitat verbunden zu sein. Jeden- 
falls bleibt bei hohereji Pflanzen erst eine genaue Untersuchungen zu erwarten. 
Unter diesem Sachverhalt ist es ein interessantes Problem zu erforschen, wie 
sich die eine sehr saure Pflanze wie Begonia Evansiana Andr. gegen Asparagin- 
ern^irung verhalt. Gehen wir jetzt zu unseren Versuchen an. 

Versuch 19. 

Zur Bestimmung des Saure- und N-Gehalts der Blatter unter Asparaginer 
nahrung wurden die Individuen Nr. 8 bzw, 31, die 180 Tage bzw, 201 Tage lang 
in Wasserkultur gewesen waren und ein Individuum, das im Freiland gezogen 
war, genommen. Der Emahrungsversuch wurde in iiblicher Weise im Gewachs- 
haus unter Verwendung sterillisierter Ldsung ausgefuhrt. Die Blatter wurden 
ebenfalls sterillisiert. Der Versuch wurden den 17. IX 1935 begonnen, den 20. 
IX geendet. Die Analysenergebnisse sii^d in Tabelle 22 durchschnittlich zusam- 
mengestellt. 

Aus der Tabelle kommt heraus, dass die Neigung zu Vergrosserung der 
Saure- und N-Menge unter Asparaginernahrung ahnlich, wie bei den vorstehenden 
Fallen der Kultur mit den anorganischen N-Verbindungen l^uft. Die zwischen 
beiden bestehenden Unterschiede liegen nur darin, dass bei Asparaginernahrung 
nebcn der zu erwartenden Vorsprung der Amid-N-Menge die doppelt so grosse 
Vermehrung der Saurebildung wie die bei den Versuchen mit anorganischen 
N-Verbindungen vorkam. Zur zugenommenen Eiweiss-N-Menge hat sicher der 
aufgenommene Asparagin-N beitragen. Wenn der zur Eiweisseynthese beteiligte 
C ebenso von desaminiertem Asparaginreste gestammt hatte, kdnnte der Aspara- 
ginrest keine Beziehung zur Saurebildung liaben. Es scheint mir aber sehr 
wahrscheinlich, dass der zum Eiweissmolektile gebundene C von den Kohlenhydraten 
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Tabelle 22. 

Der Saure- und N-Stoffwechsel in abgeschnittene Blattspreite unter 
kiinstlicher N-Anreicherung 


-f Blattrttiel 


Bflanzenleil 


Blattepreite 


Bialtatiel 


Beinerkiinir 

Kohl 

rolle 

0.25% 

AHpurajriii 

0 , 2 ^% 

llanwloff 

[ Knl.t- 
1 mile 

0.25% 

•AspurBirii) 

0.25% , 

HarllHtiiff 1 

0.25% 1 

Asparaffinj 

0^2% 

Harn><t<)ff 

niff. OxalHuiire in 1 
lOOOff. FriHcliffeu. | 

8169.3 1 

-f 1088.5 


1068.1 [ 

8770.4 

4- 

Q9QJ 

4- 1 130.8 

+ 1043.8 1 

4- 

1099.4 

1 

1 

(i(‘>^amt N 

2389.5 

-f 

409,8 


784.7 

436.2 

4" 

486.8 

+ 

636.7 

4~ 

448.3 

+ 

710.7 

C 

Ei N 

1885.8 


275.0 

^ -f 

658,0 

303.2 

+ 

13.2 

4- 

45.1 

4- 

144.1 

1 4- 

35 1 .6 

, Q 

tM. 


203.7 

-f 

1:^.8 

+ 

126.7 

132.7 

4- 

473.6 

4- 

591.6 

4- 

304.2 

4' 

359.1 


Anuimn 

46.4 

4- 

112.2 

4- 

90.5 

46.1 

4- 

185.2 

+ 

283.5 

4- 

148.7 

4- 

187.0 

5 pt( 

Aniiil- N 

108.4 

+ 

26.2 

- 

8.2 

5V.3 

4- 

226.9 

4- 

228.1 

4- 

126.6 

4- 

109.9 


Auiin^^ N 

48.9 

- 

3.6 

4- 

44.4 

27.3 

4- 

61.5 

4- 

80.0 

4- 

28.9 ! 

4- 

62.2 

Amidy Amnion 

1 2.34 

1 

0.93 

1 0.81 

1.39 


1.34 


0.73 

1 ■ 


herriihre, und dass dabei durch Desaminierung im Oberschuss entstandenem 
Ammoniak entsprechend die Kohlenhydrate auch tiberschiissi^ oxydiert werde, 
sodasK es zum Schluss zur SSurezunahme ftihre. Wenn die hier gefundene 
Ergebnisse so zu erklaren w^e, so koirimt man glatt zur Ansicht. dass die 
Saurebildung nicht mit dem Eiweissabbau, sondem mit dem Eiweissaufbau gekop- 
pelte Erscheinung sein soli. 

Versuch 20* 

Um die Ergebnisse des obenerwahnten Versuches an einem utKi demselben 
Blatt nachzuprafen wurde die eine HMlfte des 6. Blattes von zirka 60cm. hohen 
Begonienpflanze Nr. 22. die 229 Tage lang im Gew^chshaus kiinstlich gezogen 
wurde, am 5. IX. 1935 analysiert, I>ie eine andere iiblich am Blattstiel belassene 
Halfte wurde mit dem Stiel in dem mit 025% Asparaginldsung beschickten 250cc 
fassenden Kolben 2 Tage lang und dann weiter 1 Tag in destilliertem Wasser 
eingesteckt. Wahrend des Versuches waren sie im zerstreuten Tageslicht bei 
ca, 18-22®C gestanden. Das Kontrollblatt wurde in gleicher Weise wie Versuchs- 
blatt aber in destilliertem Wasser 3 Tage lang gebracht. Sie zeigten sich 
dazwischen keinerlei SchSdigungserscheinung. Das Ergebnis an der Tabelle 23 
zeigt, dass der Gehalt an Eiweiss-N trotz der Asparaginern^hrung abnahm. Der 
losliche N. u. a. Ammon- und Amid-N nahm gegeniiber zu, wahrend der Amino-N 
fast unverandert bHeb. Diese Ergebnisse konnten ganz ahnlich wie die beiden 
entsprechenden Versuchen mit Afnmonsulfat- und Calziumnitratkulturen erklaren 
' werden. Und zwar der Eiweissabbau hat sicher mit der Verwundung an der 
Blattspreite zu tun* sodass die im Vergleich zum Kontrollblatt um 3 fach zuge- 
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Tabelle 23. 


Der S^lure- und N-Stoffwechsel m abj^eschnittenie Blattspreiten unter 
kiinstlicher N AnreicherunR 




1 KontroDo 


1 0.25% Appftragin 

1 0.25% llaruHtoff 

Beiiierkung 

( 







j V’or 

Nach 

Vor 

1 Nach 

\4)r 

, N ach 



1 VoTNncb 

VerHiich 

AVrnuch 

1 Vernnch 

V(‘rHiich 

Vt^rHiich 

mg. UxajHuure in 
JcXX)g. Frischgow. 

831s).3 

+ 

108.7 

8929.5 

1 -f 393.0 

8939. 1 

4- 582.1 


GcHanit-N 

2225.2 

-f 

49.3 

3040. 1 

-f 124.5 

2609. 1 

+ 1237,7 

a ^ 

KiweiH8-\ 

2071.4 

- 

8.2 

2729.4 

~ lOo.V j 

2361.6 

-h 194.1 



153.8 

-h 

57.5 

310.7 

4- 230.4 i 

247.5 

4- 1043.6 


Ammon-N 

55.4 

_ 

0.6 

8f).3 

-f 111.2 

49.5 

4- 108.1 

a 

Amid-N 

15,5 

4- 

11.9 

73.9 : 

-f 123.6 

80.4 

4- 


Amino-N I 

82.9 

-f 

462 

150.4 j 

-- 4.4 

117.6 

4- 487.3 

Amid/ Amnion 

0.28 1 


0.50 

0.86 1 

1 

1.00 

1.62 1 

3.37 


Tio^imene Sauremenj^e zum Teil von stark ^^esteigertem Eiweissabbauprodukte 
^^ebildet werden kdnnte. 

d. Hamstofffiitterung. 

Im Pflanzenreich wurde das Hamstoff mit der Ausnahme bei den niedrigen 
Pflanzen bisher nie in grosser Menge angetroffen. Im allgemeinen haufen bei der 
Pilze die grossere Harnst off menge als bei den Samenpflanzen an: z. B. findet sie 
sich nach IWANOW in Bovisia nigrescens 11A6%, in Lycoperdon gemmatum 10.70?^^ 
und in Psalliota praiensis (Kulturrasse) 14.90^ des Myzeltrockengewichts. Die 
erste Angabe iiber das York om men von Harnst off auch bei hdheren Pfianzen 
stammt von Weyland, nach ihm das Carbamid (Harnstoff) als Stoffwechselpro* 
^ukt der Wurzelpilze bei einer Reihe von mykotrophen Pflanzen nachgewiesen 
werden kann. ' I>ie WEYLANDschen Ergebnisse sind heute durch die Arbeit von 
WEISSFLOG sowie von KLEIN und TAUBGCK wider legt. Besonders hSufig und in 
grossen Mengen (bis 07% der Trockensubstanz bei Canavalia) kommt Harnstoff 
in den Reihen der Rosales und Therebinthales. Kurz bevor die Arginase in 
Pflanzen von KIESEL entdeckt wurde, konnte TaKEUCHI die Anwesenheit des 
hamstoffspaltenden Enzyms Urease auch in hoheren Pflanzen erweisen KIESEL 
erweiterte die Zahl der Urease enthaltenden Pflanzen noch mehr, wobei die 
Bedeutimg der Anwesenheit von Urease dortselbst aufgekl^rt wurde. Die Uuter- 
suchungen von TAKEUCHI und von KIESEL zeigten deutlich, dass die hoheren 
Pflanzen oft ein viel grosseres Vermbgen zur Hamstoffspaltung besitzen als die 
sogenannten Harnstoffvergarem unter den Bakterien, bei denen die hbchste Ham- ' 
stoffspaltung nur des anwesenden Hamstoffs erreicht. Die von TAKEUCHI 
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fur Sojasamen gefundene Hamstoffspaltung erreichte 95%', die von KlESEL fiir 
Weizenkeime nachgewiesene ebenso 91%. Etwas spater fand MARSCHALL fiir 
Sojasamen sogar 98%ige Hamstoffspaltung. Diese Befunde iiber die weite Ver- 
breitung der Urease in hoheren Pflanzen, insbesondere init eiweissreichen Samen, 
warden spater durch eine ganze Reihe von Forschem bestatigt und erweitert, 
Die optimale Wasserstoffionenkonzentration der Ureasewirkung ist nach VAN 
Slyke und seine Mitarbeitern sehr nahe am Neutralpunkt (pH 7.0) liegt. 
Dieses Ergebnis wurde auch durch zahlreichen anderen Arbeitern, u. a. von 
L(')VGREN bestatigt. Der Optimalpunkt der Aziditat andert sich etwas mit der 
Hams toff -Konzentration der LOsung, wie von VAN Seyke gef unden und spjiter 
von L()VGREN an einem zhlreichen Materialien bestatigt wurde, Es ist also 
interessant zu unlersuchen, wie die Harnstofffutterung den Saure- bzw. N-Stoff- 
wechsel der sauren Pflanzen wie Begonia beeinflussen kann. Sofeni die Urease 
zur Wirkung kommt, muss sich eine HarnstoffernMirung ebenso auswirken wie eine 
Ammonsalzernahrung, sodass Hams toff physiologisch zwischen einem Ammonsalz 
und dem Asparagin steht. 

Versuch 21. 

Zur Bestimmung des SSure- und N-Gehalts unter Harnstoffemahrung kam die 
Blatter der 186 bzw. 201 Tage lang in Wasserkultur gezogenen Individuen Nr. 8 bzw. 
16 und des einen aus Freiland genommenen zur Verwendung. Die Versuchsbiatter 
waren 2 Tage lang mit dem Blattstiel in 0 25;\) Harnstoffiosung und danach 
weiter 1 Tag in des tillier tern Wasser gestanden. Die Analysenergebnisj e durch- 
schnittlich in Tabelle 22 zusammengestellt. Aus diesem Ergebnis ist ersicht- 
lich, daSvS in Gesamtheit des ganzen Blattes alle N Fraktionen an ihrer Menge 
stark zunahm, und dass tie in dieser Hinsicht die Ahnliclikeit zur vorstehender 
Asparaginkultur zeigt. Nur besteht zwischen beiden an ihrem Eiweiss-N-Gehalt 
ein Unterschied. indem die Eiweisssyn these bei Harnstoffkultur iiber doppelt so 
gross wie die bei Asparaginkultur stattgefunden ist. Dieses Unterschied in der 
Eiweisssynthese ist bioss dem Unterschied in der Tatigkeit der Blattspreite 
zuzuschreiben, weil der Blattstiel wie immer keine nennenswerte Rolle daran 
spielt. Andererseits in Bezug auf die Saurebildung hat die Harnstoffkultur, ganz- 
Shnlich wie die Asparaginkultur, stark beschleunigenden Einfluss ausgeiibt, Also 
diese Ergebnisse fiihren uns wenn die SSurebildung uberhaupt mit dem Eiweiss- 
stoffwechsel zu tun hktte wie vorher zur Anschauung, dass sie nicht mit dem 
Eiweissabbau, sondem hauptsachlich mit dem Eiweissaufbau in innige Beziehung. 
fitehen soli. 

Versuch 22. 

Um wieder das oben erhielte Ergebnis an einem und demselben Blatt 
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nachzupriifen, wurde weiteres Versuch an einem Individuum Nr. 50 angefiihrt, 
was 220 Tage lang im Gew^chshaus kiinstlich gezogen und schon ausgebluht war. 
Die Blattspreite war noch griin und schien Susserlich ganz gesund. Die 4. 
Blattspreite wurde quer in zwei gleichen Teilen durchgeschnitten und die eine 
Halfte sofcrt analysiert und die eine andere Halbte stand mit dem Blattstiel 2 
Tage lang in 025%'' Harnstofflosung und dann weiter I Tag in destilliertem 
Wasser. Das 5. Blatt desselben Tndividuums wurde als ein KontroII mit dem 
Blattstiel, anstatt in 0.25%^ Harnstofflosung, in destilliertem Wasser eingetaucht. 
Der Versuch war den 5 IX. 1935 begonnen, den 8. IX. geendet. Die Analyse war 
bloss an Blattspreite ausgefiihrt. Die Analysenergebnisse sind in Tabelle 23 
angegeben Was dort augenfallig ist, wiirde erstens die enorme Vorsprung an 
Amid- und Amino-N, und zweitens die unerwartete Zunabme des Eiwiss N sein. 
Weil im vorstehenden Versrch die Menge des Amid-N fast iinver^'indert blieb, 
kann die hier gefundene Anhaufung des Amid-N nicht einfach zur Hemmungs- 
wirkung der sauren Eigenschaft des Versuchsblatteszuruckgefiihrt werden. 
Vielmehr wiirde die verhaltnismassig kleinere Zunahme (194mg.)des Eiweissauf- 
baues, im Gegnsatz zum Versuch mit dem ganzen Blattspreitse (658mg. ) fTabelle 
22), einen grosser en Abbau neben dem zugleich bestehenden Aufbau beim Falle 
mit der Blatthalfte andeuten, scKlass dadurch die enorme Anhaufung des Amino-N 
grossenteils zum Vorschein kam. Wenn die Sache so zu verstehen wiire, scheint 
die Amid-N-Anhaiifimg zum Teil mit der enoriiien Vorsprung der Amino-N'- 
Menge, und zum Teil mit dem Einfluss der Blatthalbierung zu tun haben, Trotz 
dieser Eigentiimlichkeit sind die Zunahme an Saure und Ammnn-N ganz verglei- 
chbar mit der bei der entsprechenden Asparaginkultur geblieben, sodass wir dort 
die SMurebildung vielmehr besser mit dem Eiweissabbau in Beziehung gestellt 
werden konnte. 

e. Aminosaurefatterung. 

Es ist heutzutage im allgemeinen bekannt, dass die totale Eiweisshydrolyse 
um etwa 80% des im Eiweiss vorhandenen N in Form der AminosSuren wiedergibt, 
sodass die Aminosauren den Baustein des Eiweissmolekiils bilden sollen. Unter 
den verschiedenen Aminosauren der Pfianzeneiweisstoffe sind 1-Asparagihsiiure 
(a-Aminobernsteinsiiure COOH*ClT*CH(NH:j)*COOH ) und d-Glutaminsaure (o:- 
Aminoglutarsaure COOH»CH.*CH.CH(NH;,)*COOH) vorherrschend. 

Im Jahre 1926 haben QUASTEL und WoOLF nachgewiesen, dass die 'Tuhenden'' 
Colibakterien l-Asparagins^ure enzymatisch im Ammoniak und Fumarsaure 
spalten: spater WoOLF hat fiir das in den ruhenden Colibakterien vorkommenfle 
Enzym, welches Ammoniak aus der Asparaginsiiure abspaltet, den Namen Aspar- 
tase vorgeschlagen. Unl^st VIRTANEN und TaRNANEN isolierten aus Bacillus 
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fluorescens liquefaciens Aspartase, welche sowohl aus I-Asparapcinsaure unter 
Bildung von Fumarsaure Ammoniak abspaltet, als auch aus Fumarsaure und 
Ammoniak 1-Asparaginsaure synthesiert. Sie stelleii auch fesl, dass die pH-Kurven 
der Spaltmig und Synthese durch das Enzyni gleich sind und das Optimum bei pH 
7 bis 7,5 li^t; unter pH 5.5 kann das Enzym nicht mehr wirksam sein: die Aspar^ 
tase ist viel Sclureempfindlicher als die Asparaginase. Die Spezifitat der Aspar- 
tase ist ausserordentlich fein. Auf andere Aminosaureii — Glykokoll, Alanin, 
Leucin und Glutaminaure — wirkt das Enzym nicht. Auch die J>erivate der 
Asparaginsaure scheinen nicht durch die Aspartase gespaltet zu werden. Nach 
ihren Untersuchungen ist die Aspartase im Pdanzenreich weit verbreitet und 
sich findet sowohl in den hdheren Pflanzen - in Erbsenkei ml ingen mid jungen 
GrMsern — als auch in alien gepriiften Hakterienarten, dagegen nicht in Hefe. 
Nun entstehl die Frage, wir die Saurebildung unserer Versuchspflanze unter N- 
Ernahrung in Form der Asparaginsaure vor sich gehen wird. Sofern die 

Aapartase zur Wirkung kommt, muss die Kultur der sauren Pflanze mil Asj:)ara 
gins^ure die ahnlichen Einfusse auf den Siiure- und N-Stoffwechsel zum Vorscliein 
kommen lassen wie bei der Kultur mit Ammonsalzen. Ob die Sache wirkhcli so 
ist kann erst durch den Versuch l^eantwortet werden. 

Versuch 23. 

Als Versuchsmaterial diente 3 Individuen, deren ein im Freiland und andere 
zwei in Wasserkultur herangezogen waren. Von je einer PHanze wurden je 2 
BlSitter aufgenommen. Nr. 11 bzw. 16 war 193 bzw. 186 Tage lang in Wasser- 
kultur gewesen und echon zur Rliite gekommen. Die Versuchsblatter standen 
mit den Stielen 2 Tage lang in der Losung, die 0.25% Asparaginsaure (Kler 
GlutaminsMure enthirfte; danach wurden sie weiter 1 Tag lang in destilliertem 
Wasser gebracht, urn mdglichvst volliges' Entfernen von Aminosauren zii erreichen. 
Die Kontrollbl Jitter standen dagegen mit den Stielen durchweg 3 Tage lang in den 
mit destilliertem Wassser beschickten 250cc. fassendei Kolben. Der Versuch wurde 
den 29. IX. 1935 begonnen, den 2. X. geendet. Nach dieser Behandlung waren die 
Blattspreiten ganz frischgrun wie vor dem Versuch und ausserlich keine Scluidi- 
gung festzustellen. Die Analysenergebnisse sind in (ibiicher Weise in Tablle 24 
zusarpmengestellt. Die Tabelle zeigt, dass hier der Eiweiss-N im Verhaitnis zu 
den obenerwMhnten alien Fallen enorm zugenommenist, und zwischen beiden Amino- 
sMuren, in bezug auf die Zunahme des Eiweiss-N, gar kein Unterschied zu erkennen 
ist. Wir kdnnen also annehmen, dass hier die Erwartung bestatigt liegt vor in 
dem Slnne, dass die Aspartase durrb die stark saure Reaktion umserer Blattzellen 
ihre Wirkung beeintrkchtigt wurde. Damit parallel gehend zeigt die Tabelle noch 
weiter, dass sich die Eiweisssynthese nicht bloss^in den Blattspreiten, sondern 
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Tabelle 24. 

Der Saurc' und N Stoffwechsel in ab^jeschnittene Blattspreite vmter 
kunstlicher N-Anreicherung 


Pflaii/.enteil 

Blattwproitn 

BlattHticl 


+ BIattHtiel 



Kont 

rolle 

0.25% 

0.25% 

Kont 
r« )lje 

0.25% 

0.25% 

0. 

ir\ 

CM 

025 % 

lH‘inerkuug 

A^para 

Glut am 

Aspara' 

Glutamin- 

Aiipara- 

Glutamin- 





Hi'inrc 



Hftii re 

ginwiure 


Hnnre 

nig. Oxalf-iiiire in 
lOOOg. Fi inchgew. 

5760.9 

-f- 

501.2 


664.3 

8562.8 


490.5 

-f- 

570.7 

+ 

495.9 

-f 

617.5 


Gena in t N 

1700.S 

d- 

1081.6 

-f 1 103.3 

415.9 


328.0 

4' 

463.4 

4- 

704.8 


783.3 


KiweiHH \ 

1530.6 

-f 

766.3 


842.1 

267.8 

+ 

111.5 

+ 

152.1 

4- 

438.9 

-f- 

497.1 


l/wl. N 



^1.3 


261.2 

148.1 

4- 

216.5 

"F 

311.3 

+ 

265.9 

4' 

286.2 


Aniuutii X 

40.4 

-f 

156.5 

+ 

120.1 

41.7 

+ 

121.9 

-f 

179.5 

H- 

139.2 

+ 

1493 

E u. 

Amid-N" 

1C4.3 I 

-f 

101.4 

d- 

33.5 

89.8 

-f 

45.5 

! -f 

89.4 

+ 

73.4 

+ 

61.4 


AiniiK»- N 

1 25.2 1 

1 ... ! 

* + 

57.4 1 

•f 

107.6 

16.6 

+ 

49.1 

' -f 

42.4 

-f 

53.3 

+ 

7543 

Amid/Aininou 

1 2.66 

L 

1.1 


0.89 

2.23 

! 

0.83 

1 

0.80 

r' 

1 


L 



auch in den Rlattstielen ansehnlich stattfand. (was wie in den vorstehenden 
Versuchen zu verstehen war). Alle diese Tats ache sprechen dafur, dass die beiden 
Aminosauren als solche ohne betrachtliche Veranderungen in den Eiweissmolekulen 
eingebaut werden. Damit im Einklang steht auch die Tatsache, dass die Ammon- 
N-Zunahme ganz mit der bei den in vorigen Abschnitten behandelten Fallen 
vergleichbar geblieben ist. In Betreff der Amid-N-Zunahme steht aber dieser 
Fall zwischen den Amnioniumsulfat- bzw. Calziumnitrat- und den Asparagin- bzw. 
Harnstoffkulturen. was ebenfalls gegen den weitgehenden Abbau der zugeftigten 
Aminosauren spricht. Was nun die Saurebildung anbetrifft, so ist die zugenom- 
mene absolute Menge etwas weniger als bei den Ammoniumsulfat- bzw. Calzium- 
nitratkultureti. Das scheint wahrscheinlich dahin zu deuten» dass wegen der 
Polymerisation der zugeftigten Aminosaure zu den Eiweissmolekiilen bei diesem* 
Falle die Oxydation des Kohlenhyd rates schw^cher als bei den anderen sein 
konnte, die ja gewdhnlich zur Bildung organischer SMuren fiihrt. 

Versuch 24. 

Um waiter die vorstehenden Ergebiasse an einem und demselben Blatt nach^ 
zuprufen, wurden die folgenden Versuchen durchgefiihrt. Zum Versuch kam ein 
Individuum Nr. 43, das 250 Tage lang im Gewiichshaus kiinstlich gezogen wiirde 
und schon ausgebluht war. Die Blotter waren schwarzgrun uirf ausserlich noch 
ganz gesund. Die Blattspreite wurde quer in zwei gleichen Teilen durchgeechnitten, 
deren eine Halfte sofort analysiert wurde, w^rend die eine andere Hiilfte mit 
dem Blattstiel 2 Tage lang in der 0J25^ AsparaginsSure- cder Glutaminsiiureldsung. 
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Tund dann weiter 1 Tag lanR in destilliertem Wasser stand. Die Kontrollpflanze 
Nr. 50 wurde 220 Tage lang ebenfalls im Gewachshaus kiinstlich gezogen deren 
Blatter ganz entsprechender Weise wie VersuchsblStter, anstatt in 0.25<^ Amino- 
saurelosung. in destilliertem Wasser standen. Die Versuche wiirden den 5 IX. 
1935 begonnen, den 8. IX. geendet. Die Analysenergebnisse sind in Tabelle 25 
zusammengestellt. Beim Falle der Glutaminsaurekultur zeigt die Tabelle. dass 
die Sache in so fern Jihnlich wie bei den vorigen erklilrt werden kann, als die 

Tabelle 25. 

J>er Saure und N Stoffwechsel in abgeschnittene Blattspreite unter 


kiinstlicher N Anreicherung 




Koiu 

rolle 


0.26 

iilnlamin-Hiinrp 

0.25% 

.Vsparapins)aiir(‘ 


Vur 

Nftch 

Vor 

N'acli 

Vor 

Xach 



V orHUch 

V<‘rfjnch 

VprHUch 

VcM-MVlCh 

yorwnch 

V(‘rMnc]i 

iiig. ( )xiUHUuni ui 
lOGOg. Frinchfircw. 

8319.3 

■f 

)08.7 

8227.9 

4- 

1200.4 

1 033 1.7 

4- 3103.4 


N 

2225.2 


49.3 

2372.5 

4- 

427.7 

2%8.3 

- 328 


KiweiHH N 

2071.4 

- 

8.2 

2156,3 

+ 

254.6 

2557.4 

- 343.9 

''-si 


153.8 


57.5 

216.3 

4- 

170.0 

410.9 

4- 15.0 

t§i 

Ammon N 

55.4 

— 

0.6 

! 29.2 

4- 

84.9 

145.0 

1 

4- 89.3 

Arnid-N 

15.5 

T 

11.9 

1 58.4 1 

4- 

130.3 

822 

-f 53.3 


Ainini>-N 

82.9 

4- 

46.2 

128.6 

- 

45.2 

183.7 ! 

. J 

- 127.6 

Amid/Auin\<>n 

0.28 

j 

0.50 

1 2.00 


1.65 j 

0.57 1 

0.58 


Eiweiss-N-Zunahme mit der Saurevermehrung begleitet wurde. Quantitativ gese- 
hen ist aber die Erscheinung um so kompliziert, als die Eiweiss-N-Zunahme halb 
80 gross wie bei den vorigen aus^efallen ist. Das heisst, dass hier das gleichzeitig 
vorgehende Gegenspiel des Prozesses, d. h. die Eiweisshydrolyse wegen der 
Verwundung kraftiger beteiligt hat. Dafiir spricht auch die kr^ftige Amid- 
Anhclufung. Die doppelt so grosse Znnahme der Saure bei diesem wie bei den 
vorigen Fallen scheint damit in Einklang zu stehen. Was die Ergebnisse der 
Asparagins^urekultur anbetrifft, so nahm hier Eiweiss>N im Gegensatz zur 
Glutaminsaurekultur enorm, und der Amino-N auch ziemlich ab, was zusammen 
dahin deutet, dass die Eiweisshydrolyse hier viel starker als bei der Glutamin- 
saurekultur vorangegangen ist. Gerade dementsprechend wuchs die Saurezunahme 
so enorm, dass sie hier 3mal so gros^ wie bei der Glutaminsaurekultur empor- 
gesteigen ist. Die S.Hurezunehme betr^gt hier bei der Glutaminsjlure- bzw. 
AsparaginsSurekultur 2 bzw. 6mal so gross wi beie den entsprechenden im vorigen 
Abschnitte. Diese Tatsache kann erst begreiflich sein, wenn man sich so 
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verstellt, dass die we^en der VerwundunR ausgeldste Eiweisshydrolyse nebam 
der Eiweisssyn these, die meistens mit der damit innig gekoppelten Kohlenhydrat- 
hydrolyse zur Folge hat, direkt an die S^urebildung beteiligt 

B. Versuch an Blattspreiten und Blattstielen intakter Pflanzen. 

Versuch 25. 

Um die obenerw^hnten Ergebiii«ie «aus abgeschnittenen Blattcm in den N- 
haltigen einfachen Losungen zu kontrollieren, stellte ich dem folgenden Versuch 
an die intakten Pflanzen unter Verwendung der vollkommenen und zusammenge- 
setzten Nahrlosung an. Die Versuchspflanze Nr. 42 bzw. 48 war 202 bzw. 182’. 
Tage lang in Kultur gewesen und schon ausgebluht. 

Als Versuchsnihrlbsung hielte ich mir folgende Stamm fliissigkeit verratig 


Kontroll-NiilirlOsung N-reiche Nahrlbsung 


/KH,P04 

28r. 


rKHPO, 

28r. 

KNO, 

- 

28k. 

A 1 

KNO, 

56g. 

MfiS04*7H,0 

28g. 


MkS04.7H,0 

28k. 

,H,0 

916CC. 


H,0 

888cc. 

jCa(NO,,)i 

112k. 

B ■ 

jCa(NO:i)j 

224k. 

1h,o 

888cc. 

' H.,0 

776cc. 


Zum Versuch wurde das Gemisch von lOOcc. A und lOOcc. B mit Wasser auf 
2000cc. aufgefullt und ein Spur von FeCl, gefiigt. In diesen Losungen 

wurden die Pflanzen zum Versuch weiter 15 Tage lang kultiviert. Die Pflanze 
Nr. 42 diente als Kontroll- und Nr. 48 als Versuchsindividuum, wovchi je 3 Blotter 
jedesmal zur Analyse abgenommen wurden. Nach der Frist der betreffenden 
Ernahrung waren sowohl die Blatter des Kontrollversuchs als auch die dee 
Emahrungsversuchs griin und schienen iiusseriich ganz gesund. Die Analysener- 
gebnisse der Saure- und N-Bestimmung sind in iiblicher Weise in Tabelle 26 
zusammengestellt. Diese Ergebnisse stehen im grossen und ganzen mit den 
Ergebnissen aus den unter Verwendung reiner einfacher anorganischer N- 
Verbindungen ausgefiihrten Versuchen mit abgeschnittenen Biattem in Uberein- 
stimmung. Kleine Unterscluede sind aber zwischen beiden erkennen, indem bei 
den Versuchen an intakten Pflanzen die Eiweiss-N-Zunahme geringer und die 
Ammon-N-Zunahme viel grosser als bei den an abgeschnittenen Biattem zum 
Vorschein kamen, was vielmehr der Erwartung widersteht, weil man etwa die 
grdssere Eiweiss- bzw. Ammon-N-Zunahme gerade bei den intakten Bl^ttern zu 
er war ten wiire. Noch ein weiterer Un terse hied ist daran zu erblicken, dass (he 
Eiweisssyn these bei den Blattspreite intakter Pflanze nicht so enorm grdsser als 
die bei den Blattstielen ausgefallen ist, wie es bei den Versuchen an abgeach^ 
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Tabelle 26. 

Der SLure- und N- Stoffwechsel in intakter Blotter unter ISt^i^iger 
kiinsllicher N-Anreicherung 



niattHpreiU* 1 

Blattstiel 

iilattHpreiU' 

4'KlattHGe' 

Beinerkung | 

K<mtrolj(* 1 

N-reicho 

Kultur 

1 

KontrnJle 

iN ItMClU' 1 

Kuitnr 

KMclm 

Knltnr 

iiig. Uxai'HiUire Hi 
iroCi?. FripchJTPW. 

7913.6 

+ 1463.0 

9673.6 

-f 1026.3 

4" 13ti9.6 


Gt^narnt.-N 

2IM.3 

+ 296.1 

689.3 

+ SCO.? 

+ 

.5 1 

KiweiHH N 

1 ^40.2 

4- 69.6 

3o4‘3 

4' 58.8 

4- 64.2 

1 

LobI.-N 

Ammon N 

214.1 

33.9 

+ 226.5 

4- 218.7 

295.0 

71.4 

4- 441.9 

4- 407.0 

4* 334.2 

4- 312.8 


Amid' N 

73.4 

— 6.6 

93.9 

4- 52.9 

+ 23.2 


Amino-N 

106.8 

4- 14.4 

129.7 

- 18.0 

— 1.8 

Ani id /Ammon 

2.79 

0.:^ 

1 1.22 



0.3! 



nittenen Bliittem der Fall war. Alle diese Tatsache bprechen dafiir, dass bei 
den betreffenden Pflanzen dieses Versuchs josser Wahrscheinlichkeit nach die 
Kohlenhydrate weni^er als bei den vorigen Versuchen zur Verfugung gestellt 
warden. Also bei vorliegendem Fall die inner en Bedingongen waren etwas 
anders als bei den vorigen Fallen, sodass die doppelt so grosse Zunahme der 
SSuremenge bei vorigen Fallen wie bei diesen etwa mit der kraftigeren, neben 
der Eiweisssyn these gleichzeitig vorgehenden Eiweissabbauprozesse teilweise ia 
Zusammenhang gestanden sein konnte. 

[Fortstzung folgtj 
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The purpose of this paper is to report when and how polarity is induced in 
Sargxss^m cmfusum. It is well known that the axis of polarity in this alga is 
fixed early in the embryo stage, and that it is a product of still younger stages. 
So the question is when and how the polarity is bestowed in the first stage of 
development. There are many investigations on the mechanism for determination 
of the polar axis in the algae of the sams family, i. e. by the direction of light 
rays (KNIEP, 1907; KNAPP, 1931; WHITAKER and LOWRANCE, 1936), by electric 
current (LUND, 1923), by the group effect (WHITAKER, 1937), by pH (WHITAKER 
and LOWRAENCE, 1937; WHITAKER, 1938), by heating (LOWRANCE, 1937). by the 
centrifugal force (KNAPP, 1931; WHITAKER, 1937), and by the entrance point of 
spermatozoid (KNAPP, 1931; ABE, 1941). The writer is of the opinion that although 
the axis of polarity may be determined by external factors as above mentioned, 
there still remains room to settle the problem of whether polarity is newly 
induced by these factors where there was no polarity or whether the charige of 
the original axis of polarity existed before the influence of such factors. Herein 
the writer restricts his study to the origin of polarity. 

The material was derived from Sirgjssunt cjnfus‘4m,ii dioecious alga, which 
Was growing on the northern shore of the chimney rock near the Marine Biolog- 
ical Station at Asamushi. Microscopic observations on the progress of maturation 

1) Contributions from the Mamie Biologic j 1 Station at Asamjshi, Ao.mori K 31 . No. 

181 . 
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' of the male and the female were made daily before takin^^ the necessaiy material. 
When it was considered to be two or three days before the and the sperm 
to be discharged the male and female were picked up one by one for experiment. 
The male plants collected were placed in a glass jar (20cm. in diameter. 30cm. 
in height) without sea water and covered by inserting with a sheet of crumpled 
paper to retain moisture and prevent sultry, and the jar was placed in a dim 
corner of the laboratory. The female plants were cut into small branches (10. cm. 
length), thoroughly washed with filtrate dsea water, then placed in a small glass 
in pot (10 cm. in diameter, 20 cm. in height) filled with the same sea water and 
covered with a glass lid, these were set by a window facing the north. 

On May 18th, egg aini sperm were discharged. Some of the discharged re- 
ceptacles were picked up from the female branch and put in a Petri dish with 
filtrated sea water and, on the other hand, a male receptacle was picked up and 
thrown into the female dish and left there for 10 minutes, thus artificial insemi- 
nation was performed. Then the inseminated female receptacles were taken out 
and the eggs were scraped off with a sharp iron needle on a slide glass. In this 
way the egg for experiment was prepared. AH of the experiment were carried 
out at the room temperature, which was in the range of 18® ±1° C, and in 
every case the sea water used was always after filtration through filter piaper. 

At the start of the experiment, the effect of some environmental factors, 
such as light, heat, gravity and pH were tested to determine their influence on 
the axis af polarity in the egg. To obtain satisfactory results the experiments 
should not be influenced by such factors as above mentioned. However, if the 
tests prove the aforesaid factors to have no effect on the axis of polarity in 
the egg, the experiment may be simplified. In this aspect, at first, the effect 
of light was tested. 

Exp. 1. The effect e/f light and heat. 

Fifteen plates of slide glass were prepared, on each of which were shown 
about 5, 000 eggs directly after insemination. These were submerged in Petri dishes 
containing sea water, and then cultured in three lots: 1) in the dark room of 
complete darkness, 2) in the dark room illuminated sideways with lOOW lamp 
from a distance of 30cm., 3) arranged under the diffused light in the laboratory. 

On the following day, the cleavage took place in all of the lots, the axis of 
polarity was established, and a large cell group which was to become the main 
part of the embryo and a small lens-shaped cell destined to be divided into the 
first rhisoids were clearly differentiated. But, in every k>t, the direction of tte 
axk of polarity showed no difinite order but was arranged quite at random 
V fTabks 1). No difference could be^tected in the mode and grade of the cleavage, 
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among the three lots* 

These facts vseem to show: 1) the cleavage is not affected in its manner 
and speed by the existence or unexistence of visible light, 2) the direction of the 
axis of polarity is not affected by the direction of light rays or by the external 
gradient of temperature due to light. Owing to the above results, the following; 
experiments were carried out without considering the state of light and temp)era- 
ture. 

Exp. 2. The effect of gravity. 

Eggs after insemination were taken with sea water into glass tubes and 
were rotated in an electric centrifuge for 60 minutes in the speed of 3,000 cycles 
per minute. After the centrifuging, they were immediately transferred to a 
Petri dish containing sea water. 

A tricoloured stratification was produced in the egg by the centrifuging: a 
yellow cap of oil substance in the most centripetal region which was stained pink 
with Sudan III and black with osmic acid, then a brown zone of chroma tophores 
and nuclei in the middle of the egg, and a vast colourless area of cytoplasm 
extending to the most centrifugal edge. No relation was found at this time be- 
tween the direction of the stratification plane and that of the morphological 
axis of the egg, since the egg might be able^to turn quite freely in the centifuging, 
tube. Therefore it is not centain that there is any special light or heavy portion 
in connection with a definite morphological area of the egg. Since the zone of 
chroma tophores stably fixed at the place and hardly returns to the original state 
of diffusion, and since the cleavage takes place in such a state of stratification, 
the direction of centrifuging may be easily found out in the later stage of 
development. Cleavage took place in the next morning, polari ty was fixed, and 
the small primordial cell of rhizoids was developed. But the direction of the axis- 
of polarity was quite different tofthat of centrifuging (Table 1). 

The fact does not seem to show that what is essential in polarity is a spe- 
cially light or heavy ai'ea which is fixed somewhere in the egg or is some partial 
accumulation of a light or heavy substance which is movable in cytoplasm. That 
is to say, it is not certain that the axis of polarity is affected by the gravitation.*^ 
Accordingly, the gravitational environment may need not be taken into accounting 
the following experiments. 

Exp. 3. The effect of pH.. 

The egg after insemination were taken directly and cultivated in two ways: I)-' 
divided into groups of twenty eggs for one group, and theii sowed on slideglafis*2> 
put into glass capillaries of one egg for one capillary. The length of cajpillary 
Was cut to 1cm., and its inner diameter was made equal to the diameter of the^ 
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^egg including the outer layer of mucilage. The egg was settled in euch a p?rt 
of capillary as the distance to a mouth of the capillary was one third of the 
^^distance to the other mouth. Twenty such groups were prepared in the first 
Jot, and twenty capillaries were provided for the second lot. All of them were 
submerged in Petri dishes containing sea water. Thus the effect of pH was 
tested. 

Polarity was fixed and the primordial cell of rhizoids was formed in both of 
the lots. But, contrary to the expectation, the axis of polarity did not seem to 
be effected by the g'oup or by the excessive difference of the distance to the 
mouth of capillary In these points, the present material is rather different from 
the egg of FiC fs as was reported by WHITAKPR ( 1937). As the egg ^ are breathing 
all the time and they are set in groups, their excretim? C0_ must be diffused or 
washed away in the outside of the group and be more concentrated in the inside; 
accordingly, the value of pH must be higher in the former and lower in the latter. 
Therefore if the axis of polarity is effected by pH. the rhizoidal pole should be 
developed in the same direction, centripetal or centrifugal within the same group. 
A similar interpretation may be allowed in the case of capillary. As the value of 
.pH is higher in the sliorter and lower in the longer distance from the mouth of 
the capillary, the rhizoidal pole must be formed always on the side nearer or 
further from the mouth of capillary if it be affected by pH, However ?uch 
results were not obtained in either of the lots. 

It was more clearly certified in a furthe* experiment. Two glass capillaries, 
50mm. in lemgth, and 0.5mm. in the inner diameter, were prepared at first, one of 
them was filled with acidified sea water (pH 6.0) mixing HCl, and the other was 
filled with alkalified sea water ( pH 8.8) mixing NaOH, Then a fertilizer! egg was 
^placed between the two capillaries on a glass plate so that the mouth of each 
capillary was faintly in contact with the mucilaginous coat of the egg and the 
whole of the set was submerged into a divsh of sea water. Twenty similar Tests 
were prepared in the same way. Thus the egg was artificially expovsed t > 
on one side and OH" on the opposite side, in other words, it was devel()]:)ed 
under the external gradient of pH. 

Cleavage took place in 18 out of 20 attempts and the polarity became fixed 
with the formation of the primordial cell of rhizoid^s. Here also, the directifrn of 
.the axis did not seem to be [influenced by the external pH gradient (Table 1). 
Accordingly, the state of pH in the environment shall be disregarded in the 
-following experiments. 

Exp, 4 The original polarity and its succession. 

The form of the egg immediately after being discharged is very variable, 
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ranging from spherical to cuneate. 416 eggs were divided into four classes (Figs. 
1-4), spherical, obovate, elongated and cuneate (Table 2)* 


Tuble 1. belWcM'ii the of the foriuaticu of rhizoKlul niul it^ uainber 

in varittns eX[H‘riinents. 


Experiment ft 1 
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Tablt‘ 2. \’i»riati>3i of tlu‘ form of eg^rn. 
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Observations of the different forms show that nearly 90 per cent of the 
total ncmber of eggs are discharged with an ellipse form' which is somewhat 
more pointed at the top of the major axis than at the opposite top of the same 
axis. That is to say, the majority of the eggs are already polarized in their form. 
Although it is rather difficult to obtain a perfectly spherical egg even in the 
group referred to spherical form, those belonging to this group seem to be more 
or less polarized in the same way. And even if an absolutely spherical egg is to 
be found it is quite probable that it is also polarized but with the axis of polarity 
extermely shortened. Similarly, the majority of the eggs are discharged with a 
morphological axis of polarity. Before being discharged, the eggs are not yet 
polarized and if some appear to be polarized, the axis is generally without definite 
direction, sometimes the peak points to the wall of the conceptacle, sometimes 
to the mouth, and sometimes to the lateral side. But, as soon as the eggs are 
discharged, they aqure a polarity and in a definite direction such as the peak 
points to the mouth of the conceptacle. The arrangement simulates a tassel- 
(Fig. 5). Each egg is surrounded with a miarilaginous coat which is rather elastic 
and on the iieaked side of the egg the coat is much elongated like a stalk, by 
whlchfeach egg is connected with the wall of the conceptacle through the email- 
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mouUi. Ar.d ai- the stalks are bundled togcethea* by the fetnall iriouth of ccmveptucle, 
the are quite intimately an*anS5ed like the 6tnnj2ffi» of a last:el. In this way 

the axis of polarity is mifcrmly an'axiged in eor,riection with tlie ptnitional 
relation between the egK^' and the conceptacle. 
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It seems that the crigin of polarity at this time may be explained by me- 
chanical relations among the softness of the egg, the elastic nature of the 
mucilaginous coat and the multiplicity of the egg discharge. That is. as the eggs 
are laterally pressed cigainst e<ich oihe* in the egg. and as the degree of the 
lateral pressure is grcidually increased towards tho, band of the tasyel or the mt^uth 
of the conceptacle, it is very natural for the eggc* to be narrowed and peaked 
in tlieir portion nearer to the mouth of the conceptacle. This may be the origin 
of polarity in the egg of tliis alga. The polarity bestowed in this way is preserved 
as it is after the egg is separated from the conceptacle of the maternal body. 

After fertilization, the egg is cleaved into two sister cells, one of them 
round and plump but the other one is peaked (Fig. 5 ). The peaked cell next makes 
a small iexis-shaped cell at the top, which is destined to be divided into the first 
rhizoida The first membrane of cleavage at this time is accustomed to be 
form^ at right angles to the original major axis (Fig. 6), which never changes 
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■but is succeeded through fertili^tion. In this way the primordial cell of rhizoids 
which was derived from the peaked cell is the successor of the peak in the original 
form of the egg. Namely, the rhizoidal p3le takes its rise nowhere but in the 
peak which is placed nearer to the mouth of conceptacle at the time of dis- 
charge (Table 1). 

The fact is more striking in the de/elopmant of biaxial eggs. A number of 
"biaxial eggs were derived (Fig 7), each having two peaks branched from one head. 
Artificial fertilization was applied and the process of development was observed 
on these eggs. Two first membranes of cleavage for the two axes were formed 
.simultaneously. And, in consequence, two primordial cells of rhizoids were formed 
one by one for the two peaks. Finally, a number of biaxial embryos having two 
rhizoidal poles were developed out of them, one of which is vshown in Fig. 8. The 
process of this development is more useful to ascertain that the original axis 
is succeeded by that of the embryo. 

Exp 5. The enirance point of spermatozoid. 

It was reported in Cysioseira barhata by KNAPP (1936), Coccophora Lang^dorfU 
and Sargassum tortile by Abe (1941) that the axis of p Parity is determined by 
the entrance point of spermatozoid at the tim^ of fertilization. However, it was 
doubted that such a law might hold for the present material which was a species 
allied to those algae especially to the last one. In other words, it is clear from 
the foregoing experiments that the axis of polarity is not changed but is suc- 
ceeded through fertilization, thus it remains doubtful if there is any structural 
point in a definite portion in relation to the major axis, so that a spermatozoid 
can be taken in only through such a special point which may be the ve'y cause 
of the unchangeability of the axis. If true, it may be nothing but a similar case 
of determination of polarity to those reported by the foregoing investigators so 
far as there is a similar relation betweai the axis of polarity and the entrance 
point, except for the only difference that the entrance point is prepared or 
unprepared. 

For solving this doubt, an experiment was carried out according to the hint 
of Morgan ajid Tyi.eR (1938). At first, twenty glass capillaries were prepared 
with the inner diameter equal to the diameter of the en including the mucilagi' 
nous coat, Th^ the egg was sucked up into the capillary, and the axis of the 
«gg was variously adjusted in its direction so that it wa'3 kept in various angles 
to that of the capillary. Thai the capillaries were pushed into a block of agar- 
agar and the insertion was stopped at the timj when the egg was pushed back 
by the pressure of the agar block and returned to a portion 1 mm. from the open- 
ing mouth of the capillary. The capillaries arranged like this were kept horizontal 
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and put into a Petri dish containing sea water together with the holding block 
of agar-agar. Insemination was done in such a condition. 



9. Schoii'.alic il'nHtrntion of the f'accM^ion the orifriiinl axiH indepimiTent of the 
eiurnnce poinl of HptMiualozoid. 


In consequence, all of them were equally fertilized and the cleavage took place 
in any of the placed at various angles However, the first membrajie of the 
cleavage was formed not in connection with the axis of capillary but at random. 
And further, it was formed at right angles to the original axis of polarity just 
in the same way as in the natural state of cleavage. The primordial cell of 
rhizoids was cut out in the original peak. Thus tile original axis of polarity was 
also succeeded in this experiment without being changed (Tablet). 

Two inductions may be allowed here 1) It is probable that the spermatozoid 
can be taken in anywhere on the surface of the egg and a definite portion is not 
prepared in relation to the original axis for the e/itrance of the spermatozoid. 
Because fertilization takes place in all of the egg, while they are placed at various 
angles to the opened mouth of capillary and so the spermatozoid can be approached 
only at the side of the hemisphere of the eggs which is exposed to the mouth of the 
capillary and not at the side of the other mouth which is sealed with the agar 
block. 2) The axis of polarity does not seem to be deter^mined by the entrance 
point of spermatozoid. Because the original axis is not changed by fertilization 
but is succeeded as in the original state of^directioni while the spermatozoid can 
intrude anywhere on the surface of the egg. 
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As is shown in the foregoinj? experiments the axis of polarity is rather 
stable in the of Sargassuni confusum and does not change its direction by the 
environmental factors as in the case of Fuais, Cystoseira, Coccophora, and Sarga- 
ssum tortile. Especially notable ie that the arrangement of the inner materials 
has no power of determination against the axis of polarity. For the original axis 
is not changed while the inner materials can be easily disarranged by centrifuging 
and cleavage proceeds in such a state of disarrangement. Accordingly, it does 
not seem that the axis is determined either by the concentration of some light 
or heavy substances or by the partial distribution of some rhizoid making ma- 
terial, but that the axis of polarity is originally bestowed as a definite external 
form at the time of being discharged. The form is not a question of the internal 
parts but to the arrangement of the cortical substances, in which point, the 
determination of the axis of polarity in this plant seems to be somewhat agi'eeable 
with the theory of cortical cytoplasm presented by MotomurA (193b, 1935) 

SAMMAK-Y 

1) The direction of the axis of polarity in the early development of Sargassum 
confusum is changed neither by the influence of the possible degree of light, heat, 
gravity and pH in the natural environment nor by the entrance point of sperm- 
atozoid, but it is originally determined at the time of egg discharge. 

2) The original axis of polarity thus bestowed in the egg is not changed but 
is stably succeeded by the axis in the time of cleavage and further by the axis 
of embryo. 

3) The essence of polarity in the first stage of development in this plant is 
not concei'ned with the arrangement of inner parts but with the original form 
of the cortical layers induced by the mode of egg discharge. 

The writer express his cordial thanks to Prof. Dr. A. KiMURA for his super- 
vision throughout the present studies. 
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■SOME ABNORMAL EMBRYOS OF SARaASSlJ}f 

Ag. in relation to the study of POLARITY. '> 


BY 

SINGO NAKAZAWA 


Hi Toh tkn IJ tiir<'rsit S(’n(hii^ Jiipm.. 

( VVitli 12 Toxt-fiirarew) 

■ lvt‘ceiviH.1 AiiiruKt 21 , ] 94 ?) 


The writer obtained numerous abnormal embryos of Sar^jRMini CAnfu^um in 
May of 1948 at Asamushi during observations on the development of eggs 
which had been inseminated artificially. Some of the most conspicuoius embryos 
found are; 1) one-cell embryos (Figs. 5 to 8) having one or more rhizoids which 
were raised directly after fertilization without cleavage: 2) two-cell embryos 
(Fig. 9j) having one large or small branch rhizoids ramifying from a common 
rhizoidal cell raised by the growth of the two sister cells after the first cell 
division of the egg without further progress of cleavage; 3) sparse-cell embryos 
(Figs. 10) in which rhizoids were raised before the egg reached to the normal 
stage of raising rhizoids (Fig. 3) and the cleavage ceased in such a stage; 4) 
over -cell embryos (Figs. 11 arKi 12) with rhizoids raised by the growth of some 
composing cells at the peak after the egg was cleaved into so many descendant 
cells in which the usual vStage of raising was not passed. 

In any example of the abnormal mode of raising in rhizoids in these embryos, 
a notable nature is that they are raised always in the peak of an egg which has 
been pointed since it was discharged from the conceptacle. The facts suggest the 
following four interpretations. 

1. The direction of polar axis is latent before cleavage. 

In the normal course of development, an egg is first divided into two sister 

1) Contribution* from the Marine Biological Station at Asamushi, Aomori Ken. 

No. 182. 
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cells (Fig 2). then at the edge of one sister cell, which is somewhai more peaked' 
than that of the other, a small lens-shaped cell is cut out, ithis is destined to be 
the primordial cell of rhizoids (Figs 3 and 4). In those eggs, however, whose 
cleavage was hindered in any cause (Figs. 5 to 8), the peak is lengthened contin- 
uously till it becomes one or more rhizoids; the projection is always limited to 
the peak. This phenomenon ivS a general feature not only in these one cell embryos 
but also in the other cavses. From this fact, it is believed that the axis of polarity 
is not bestowed after cleavage but is latent early in the egg. Latent polarity only 
api^ears in the later stage of development in the normal course. That is to say, 
the axis is not due to the internal structures an egg, or to the state of aiTa- 
ngement of descendant cells by cleavage, but is rather latent in the external form 
as a whole, whose side is more peaked. 

2. The appearing form of polarity is latent before cleavage. 

In the normal course of development, the primordial cell of rhizoids formed 
in the peak is usually radially divided into eight sister cells (Fig. 3), which later 
become rhizoids (Fig. 4). But in a none leaved abnormal embryo composed of only 
one cell (Figs. 7 and 8), the rhizoid is able to be ramified into two or three 
branch rhizoids, thus appearing as formed in anormal embryo. Similar examples 
may also be seen in two or sparse cell embryos, That is, it seems that the 
appearing form of polai'ity or the ramifying nature of rhizoid is bestowed neither 
by the total amount of the individual functions of the descendant cells in a body 
derived through cleavage nor by a si>ecial order of arrangement of such cells, 
but is latent in the egg as a whole, quite freely from the manner of cleavage 
but also from an egg’s conditi(m cleaved or uncleaved. 

3. A hindrance to cleavage does not always hinder the act of polarity. 

The time of raising rhizoids in the normal course of development is in the 
stage of about ten to fifteen cells (Fig 3). However, many exceptional cases are 
found in the abnormal embryos. That is. even though the normal progress of 
development may be hindered in one or another stage, rhizoids can be raised in 
such a stage of hindrance. Hindrance to cleavage does not hinder rhizoid raising 
nor the act of polarity. They can be raised in a voluntary stage, 1) before 
cleavage reaches the normal stage of raising, or 2) after exceeding the normal 
raising time. 

As above mmtioned, rhizoids may be raised in the same direction and form 
of appearance in any stage of development. That is, each stage of development 
proceeds with a constant drift, adrift for the appearance of the latent polarity,, 
in a definite form, and in a definite direction. 











ERRATA 

Vol XVIII 


P. 318, line 20 from top, for minutes read minutes 

P, 320, in Table 2, for 98.7 read 68.7 

P. 321, line 15 from top, for liqid read lipid 

P. 333, ill Table 2. for 2105 0 read 210570 ; for 925065 read 295065 

P. 334, in Table 3, for 6 5^675 read 615-675 

P. 351, line 5 from bottom, and p. 359, line 6 from bottom, for including 
actinomycetes read including few actinomycetes 
P. 353, line 12 from top, for inclusive of actinomycetes read inclusive 
of few actinomycetes 
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STUDIES ON THE PHVSTOI OGY (W CHJAR\ MOVEMENT 
IV. EFEKCT OF ACl^rVI .CH( JNE AND ESERTNI^^^^ 
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SHi(')nK^>Kr N'»^n am> Ki n-h'im Ka';a\v,\ 

(li ,h>qti-n' ! Ill,', / t)^i n U:ifr . St’/i i n Jnin/i 

w’ll li :: T»‘vt-liLrni-(-. ) 


Since the woik <>{ A. L'" w 192!, tile pIiyM'ol- 5:'y ol JH'rvc iuid muscle encountered 
a }u*()lound re,Voh:li^>n 1)> (lu' ii:tre<lcc( ion el < '111' pt <d clsrmicul transmission of 
the nerv('i:s (excitation. 'The wo'hs of t h(‘ ^ (iiot r-l [onoy Dmi nrul Cxnnox 
have elucidal <'(.! fhat VeT'!eI;ratc‘s {) sst .^s tw'oln'nds '•[ t‘hriracteris(‘d Ijy the 

nature of t iKMitonhu ;J st.h.Maiua :> lilu'rated at tla i .• U‘rnn'n;it ions : tht' dudi nergic 
ntu'ves Jibmxite ace' \ 1< hohne aial tlie adiaa-eaeic ti('^’V(?s iiberaio adi'cnaline. 
A cety I< holi iu‘ arai adrna lin ' have llina pain^ci pr< at importajice in recent physi- 
ologic fB\('o 

In the tax s'ioius pap. . tlu' jx^nior caithor <>f Mk' pre.s^n! papier ri'portK] th(^ 
TXisiiIts (d' die <'>.p(aaai' nis on tbc' (fleet of adaamalha up 'ii 1h(.‘ ciliary movcmient 
( f the oyetc'V pi 1 1 N o^ s ' 1927. 1- was fouiid tli.a eah eaalin-r inh'hut.s t’v' (dllary 

niovt‘inonl ot du' exedswa ;.dli ti.^.sue of hie <py' t a, Os'n^: dhsMiccu. af any 

concentrat i' n dnus far exaauinr'd 

Acetylcholine has lv\n found in various mollusc's and invcrtebraicxs and its 
action on various tissiax, and (‘rpans ol differt^jil inverU'brates has becui studies 
by many workers. Choliim cxsteriise, whirl} hydrolyaes accdylcholine. has also 
been found in various molluxcs and other invertebrates and its action has been 
studied. Adrenaline and aceiyleholine are antapoiiists. and escuine, cn* physostig- 
mine, inhibits choline esterase. These apenls have bex n studies penerally in 
connection with nervous and muscular activities, it would interest inp to 
study their actions upon activities of other kinds f,f Hvinp syslenivS, /. c. ciliary 
movement, and cell activities in general. It may here hi) pointed out that there 
are two kinds of ciliary movement ; one is under nervous control as in the ciliated 
epithelium of the palate of the frog (Sro 193] i and in the velar cilia of Nudibranch 
veliger, which cause locomotion of the larvae ^CAkifk 1926\. the other kind of 
ciliary movement is not controlled J)y the nervous system and continues almost 

*1 Ociiitributidii fix'Hi tlio OcetiiuiCkeaucftl Institute of the Tolu^ku Univer^itN , 

Miyagi Keu, Japati. 
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incessantly as far as the conditions are favorable, as in the gill of bivalves. 
The ciliary activity of the epithelial cells of the gill of the oyster, Ostrea 
is very persistent and continues movement almost as far as the ciliated cells 
are alive, and can, therefore, be taken as the criterion of survival of the c dls 
after exposure to toxic substances >Nomi ka and Imai 1936 j. The ciliated cells of 

the gill of bivalves are devoid of innervation as far as vve are aware ( Luc a.s 1931 
a, b). Gkay 1928 compares the cardiac muscle and cilia and points out th-ir 
similarity, but our experimental results show discrepancies as far as actions of 
acetylcholine and adrenaline are concerned. 

The statements above made all indicate the significance of the present work 
ajwi further discussion will be made subsequently under a separate heading. 


MATERIAL AND METHOD 

The material and method of the present work is the same in essential as 
that of the previous work on adrenaline (Nomur\ 1937j. Pieces of proper form 
and size were made from the gill tissue of the oyster, Ostrea gigas Thun hero. 
The gill pieces thus prepared were allowed to crawl in a glass tube, provision- 
ally called a '‘measuring tube ” (NifMcuv 1937, fig. 1). The gill piece proceeds in 
the tube, with the ventral margin behind, at a quite uniform velocity as long 
as the conditions remain unchanged. The velocity was measured every minute, 
as a rule, by reading the scale on the bottom of the tube graduated in millimetres. 
Each arm of the tube has graduations of 500 millimetres. The velocity of each 
gill piece in normal sea-water was taken as the standard, and that in experimen- 
tal solution was expressed in percentage of the normal velocity. The slightest 
disturbance may interfere with the velocity and care should be taken to avoid it 
as far as possible. The measuring tube consists of two arms jointed with each 
other at a right angle, provided with a well ground glass cock. The bore of the 
cock is equal to that of the arms, and allows the gill piece to glide smoothly in 
and out of the cock ; otherwise the unevenness of the bottom surface of the arm 
and cock would hinder smooth progress of the gill piece. The first arm of the 
measuring tube contains the normal sea-water and the second arm contains the 
esq^erimental solution : various desirable concentrations of the drug in sea- water. 
The availability of the velocity of the gill piece crawling in the measuring tube 
as the measure of the ciliary activity was carefully worked out in our previous 
papers (Nomura 1937; Nomura and Tomita 1933; Tomita 1934 a, b), and for the 
.details of the method the reader is referred to those works. The cock is open 
to the first arm at first, and when the piece has entered the bore of the cock, it 



AOETYfXJHOLINE, ESERINE AND CILIA 


439 


is gently turned a right angle and is opened to the second arm of the measuring 
tube so that the gill piece can crawl out smoothly into the second arm, without 
being disturbed from without. The gill piece should be handled very gently and 
should not be picked up with forceps. When the gill piece is to be transferred 
from sea- water or a solution to another, it is allowed to glide on a small perfo> 
rated spoon, specially prepared for this purpose, and then allowed to glide into 
the new solutioni 

Acetylcholine chloride, S('HKRrNG-KAHLBAUM power preparation, in ampulla, 
was dissolved in sea-water in concentration of 1 : 100 by weight and kept as stock 
solution until use, and later diluted to desired concentrations when needed. 
Acetylcholine is decomposed by alkalies, and sea-water is weakly alkaline (pH 
8.2), so the freshness was preferrable and the stock solution was prepared anew 
several times, but the experiment extended over a long period and the strength 
of the solutions may not have been uniform and caused irregularities in the 
results of experiment. This may be also the case with eserine. As to the ir- 
regularities of the results of experiments, the seasonal variations of the ciliary 
movement of the gill of the oyster may be mentioned. It was quite recently 
discovered that ciliary activity of the oyster gill greatly decreases after spawn- 
ing in summer, and the decrease continues for a long period, and recovery begins 
in winter (Uscki and Nakajima, p.c,). 

EXPERIMENT 


1; Acetylcholine. 

Experiments Jwere carried out in different seasoms over three years and this 
might be also the cause of diversity of the results of experiment The temper- 
ature varied also in a wide range during the whole period of experiment, but it 
fluctuated within the limit of ±0, 5°C. in each experiment. The results are 
summarised in the tables and figures, and some comments will be given in addition. 
The highest concentration of acetylcholine examined was 10'^ which was 
proved to be decidedly inhibitory. The velocity of gill piece gradually decreased 
aixl became nul, but in some case it remained over 50J!b for more than 15 minutes. 
One piece, after complete stoppage in solution of concentration 10’'\ recovered 
71. 5% of its initial velocity in less than 20 minutes, when returned to normal 
sea-water. The penetration of the igent seems to be quick and the effect, in- 
hibitory or accelerative, could be determined long before the gill piece reached 
the end of the second arm of the measuring tube. At the concentration of 10^, 
it was observed that after depression of ciliary movement down to 82. 5% of the 
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Table 1. Effect of Acetylcholine 


Cnnreiil rati' n | 
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2X 10- * 
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normal, the supernormal re,cov<ry of 115?, ^ was made, whc^n the Kill pi<K'e was 
returned to 1he normal sea water. At the. concentration (^f 2xlP'', thc‘ variation 
was not great iind the average velocity was 96. 8?o , i.i. slight inhibition. It is, 

howevtT, doubtful w'^hether 
this is the true as 

the lower and higher con- 
centrations, 10"'* and lO^h 
both are accelerative, and 
the value of the velocity 
at 2x10"’^ alone deviated 
far from the curve (Fig. 1) 
The most of the experi- 
ments with these concen- 
trations were carried out 
in the same season. The 
effect of concentration lO'^' 
was quite accelerative, and 
the average velocity at this 
concentration was 117, 

The effect of concentration 
of 10'^ could be examined 
only in one case and was 

- , ... ^ - ... proved to be slightly ac- 

iMsetylchoIine on cilia. Ordinates; Velocity of ciliary » ^ 

Crawl. Abacisaae: —fogr concentration of acetylcholine. celerative. The more di- 
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lute concentrations might not be expected to give definite results beyond the limit 
of experimental errors, and were abandoned to be examined. 

From the results of experiments thus far performtxi, it is clear that the 
effect of acetylcholine is inhibitory in higher c )ncentrations and accelerative in 
concentrations from 10“'^^ to 10*"^ For the range of concentrations of 10“^ to 10’^, 
the relativ)n of ciliary activity plotted against concentration of acetylcholine 

is linear, and it is worth noting that botli acceleration and inhibition are re- 
presented upt)n a straight line. Wh(^ther the apparently straight line makes a 
part of a continuous smooth curve or not is an open question. 

2; Eserine. 

Eserine, or physostigmine, an alkaloid, inhibits the action of choline esterase 
which hydrolyses acetylcholine and obliterates its prolonged action. This action 
of eserine is indispensable in the neuromuscular mechanism, becaust^ the accumu- 
lation of acetylcholine would 
cause an excessive activity 
of muscles. Roth acetylcho- 
line and eserine are found 
ahso in molluscs and other 
invertebrates and their ac- 
tion in the^se animals have 
beem studied. The effect of 
eserine in ciliated cells would 
be interesting from a view- 
point i)i general physiology* 
Eserine (Mcrk's prepara- 
tion was dissolved in normal 
sea- water at concentrations 
of lO"-' to 10'". At concent- 
ration 10'^ the ciliary move- 
ment was unexpetediy high, 
probably due to exi>eri mental 
error. The effect of other 
concentrations could be plot- 
ted against the — log con- 
centration as a smooth curve 
(Fig. 2). At the concentrations and the effect is distinctly accelerative, 

while at the Joncentration of the velocity of the gill piece might tempo- 

rarily exceed the normal or fall to zero. The ma>dmum of the curve lies near 



Fig. 2. Activity-C;aiCcntrHti(Hi cnr'’^3 of effect of 
eworine oji cilia. OrdiuateH ami abfiCtHHae similar to 
those in Fig. K 
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Table II. Effect of eserine 
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Temperature 

7j 

19. 0-21. 6j 

20. 7—21.5 

20 

19. 5— I9.6| 

21.3—22 

22. 5 


♦ Temporary velocity 139%. 


3) Acetylcholine and eserine combined. 

In vertebrate exp>eriment, eserine is usually used to inhibit the decomposition 
of acetylcholine by choline esterase in order to make evident the effect of acetyl 
choline. In the present work also, eserine was used in various combinations 


Table III Effect of Acetylcholine and eserine 


No. 

of exp. 

^ (Concentration 



a. c.* 1 K>ei ine 

IN* (final 
velocity 

inin/Hec. 

31.8 

l:]xp. veil) 

m m/»ec. 
32.4 

city 

0 

Temper- 

ature 

11 

9 

5/6x10-^; 

i/.ix I0-" 

/o 

101.8 

21.5* 


3 

1.8X 10~‘^ 

2 X 10-9 

42.6 

44.7 

104.9 

20. a' 

7 

6 

2 X I0-' 

2 XIO-" 

38. 7 

41.2 

106.5 

18.5“ 

7 

4 

1.8X 10-7 

2 XlO-7 

37. 6 

34. 7 

92.2 

20. cr 


♦ B. c. = acetylcholine. 


with acetylcholine. They were used in most promissing concentrations, but eserine 
did not appreciably improve the effect of acetylcholine. In three cases out of 
four, slight acceleration was observed, while the remaining case showed 92. 2% 
activity, i.e. slight inhibition. 


DISCUSSION 

Acetylcholine cuid choline esterase have been found in many tissues and 
limaolymph of various molluscs and other invertebrates (Bacq 1937, 1947), but the 
molluscan tissues are not always very sensitive to acetylcholine. The minimal 
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active concentration of acetylcholine is 1x10'^ for the ventricle of Ostrea eduhs 
JuLLiEN 1936). The action of eserine may be absent or present in different 
molluscs (Bacq 1947), and all the attempts for demonstration of cholinergic nerves 
in molluscs, except in Venus mercenaria, have failed. 

Our experiments show that acetylcholine and eserine inhibit the ciliary 
movement of the excised gill of the oyster in higher concentrations, and acceler- 
ate in lower concentrations (10"^ to 10"^), but the acceleration is not so remark- 
able. Simultaneous action of acetylcholine and eserine does not apparently 
promote the action of acetylcholine. Various substances, having no specific action, 
may excite or inhibit different activities according to the concentration of their 
solutions. The results of our experiments here presented are in accord with the 
well known general fact in pharmacology which is formulated in the Akndt-Sc hulz 
Law: “Weak stimuli excite, medium stimuli partially inhibit and strong stimuli 
produce complete inliibition. ” (Clark 1933, p. 195). From these facts, the present 
authors rather would maintain that acetylcholine and eserine and their combination 
might not have specitic action on the ciliary activity of the oyster gill. 

Lucas studied the innervation of the gill of Mytilus edulis and other bivalves 
and reports absence of innervation of ciliated cells of the gill (Lucas 1931 b). 
IsHiKAWA 1927, IsuiKAWA and Ohzono 1931 studied the effect of various drugs upon 
the ciliary movement of the palatine and pharyngeal epithelium in vivo and in 
vitro. Adrenaline was effective or ineffective, and when effective, it was only 
temporarily excitatory. This is in accord with the results of our previous work 
on adrenaline. The ciliated cells in the palatine mucous membrane of the frog 
are innervated by accelerator nerve fibres contained in Nervus facialis, N. trige- 
minus and N. glossopharyngeus, and the ciliary movement is accelerated, under 
normal conditions, reflexly. (Sf.o 1931). Some authors declare the presence of 
inhibitory nerves of ciliated cells, but Sko denies it. (Sko 1937). The fact observed 
by IsHiKAWA and O^izono, that adrenaline is ineffective or only temporarily ffective, 
and acetylcholine is definitely accelerative, is in accord with the assertion by Seo. 
It seems highly probable that acetylcholine and adrenaline, sympathicomymetic 
and parasympathicomymetic drugs, require, after all, for their action, the pre- 
sence of sympathetic and parasympathetic nerve fibres. 

In the ciliated cells of the gill of the oyster, adrenaline was not accelerative 
on the average, and acetylcholine was slightly accelerative, but acceleration was 
not pronounced and might show nothing more than the fact expressed in the 
Arkdt-Schulz Law (vide supra). In the oyster gill also adrenaline and lacetyl- 
choline would require the presence of adrenergic and cholinergic nerves for their 
action, as the ciliated cells of the gill are devoid of innervation of any kind. 
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Accelerative effect of acetylcholine and eserine are not pronounced apd seems to 
be fortuitous and not vSpecihc for the ciliary activity. 

Cr.AKK deals with various problems of the mode of drug action in his excel - 
' lent book and gives innumerable formulae and curves describing the mtxie of 
drug action, but none of these seems to, fit the cases here reported. For the 
kinetics of the action of acetylcholine and eserine, experimental data should be 
much more enriched, and we would not venture theoretical treatment of the 
subject on this occasion. 

Takat.suki studied the effect of adrenaline and acetylcholine upon the heart 
of the oyster. The former agent increases tonus and frequency of the heart, 
and the latter at the ('r)ncentration of arrests the heart in systolic condition 
(Ta katsckt 1933, 1949; T \katm;ki and Mxjsim 1939). Gray compared the heart aiid 
cilia and pointed out their similarity. But the facts observed by Taka'I’.suki on 
the heart of the oyster and by the present authors on the cilia of the gill of the 
allied species are quite contradirtoroy to Gray’s assertion, at least as far as ac- 
tions of these drugs are concerned. As to the effect of adrenaline on the cilia. *y 
movement of the gill of the oyster, Ostrea gigas, the more detailed discussion 
was given in the previous paper (Nomura 1937V Shmaoukna 1935 reported inhibitory 
effect of adrenaline and sympfithetic nerves and accelerative effect of the vagus, 
ScHMAG[N'A 1936 also observed inhibitory effect of the sympathetic and adrenaline, 
and accelerator effect of the parasympathetic on the ciliated epithelium of the 
oesophagus of the frog and on the trachea of the cat and the dog. Adrenaline 
lowered ciliary activity and this effect was diminished by atropine. Besides 
automacy of the ciliary movement, therefore, there is also a nervous acceleration 
and inhibition. But the relation of the sympathetic and parasympathetic nerves 
and acetylcholine and adrenaline to ciliary movement is just the reverse of their 
relation to the heart activity. 


SUMMARY 

1) . The effect of acetylcholine and eserine on the ciliary movement of the 
gill of the oyster, Ostrea glgas, was examined. 

2) . Acetylcholine and eserine inhibit ciliary movement at higher concen 
trations, and acetylcholine accelerates at concentrations of 10'® to 10"*^, and 
eserine accelerates at concentrations of 10'® to lO'"^. 

3) . The fact just mentioned, together with previous observation (Nomura 1937), 
show that the effect of acetylcholine and adrenaline on ciliary movement in the 
oyster is just the reverse of their effect upon the heart in general. 



ACETYLOHOLlJSli:, ESEHINE AND CIUA 


445 


4) The above statement is in accord, from a viewpoint of neurohomoralism, 
with the fact that sympathetic inhibits and the parasympathetic accelerates the 
ciliary movement of (x^sophaf^us and trachea in vertebrates. 
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INTRODUCTION 

Nacjeli (1893) estimated the amount of copper present in 12 litres of distilled 
water, which had been four days in contact with 12 two-pfennig pieces. It con- 
tained one part in seventy-seven millions. This water was powerfully toxic to 
Spirogyra, killing it in one minute. On account of the very small quantity of 
copper in the water, Nagkli gave the name of ‘^oligodynamic'' to the action in 
question. Since then, many workers have found that solutions of copper, silver, 
mercury and gold are toxic to bacteria and fresh water animals and plants at 
dilutions. No satisfactory explanation has been advanced for the high toxity of 
these metals at great dilutions, and there has been some discussion as to whether 
these metals exert their poisonous effect in the colloidal or the ionic state. 

Cook (1926) stated thatjCopper chloride solutions caused a rapid decline in the 
respiration rate of Aspergillus and Nitella, Since, it may be suggested that the 
oligodynamic action of certain heavy metals is the result of the destruction or 
inactivation of substances essential to cellular respiration. Jonks ;1941) has re- 
ported on the effect of ionic copper on the oxygen consumption of Ganimarus 
pulex and Polycelis nigra. 

The present author has attempted the investigation of the oxygen consumption 
of a shrimp under the effects of heavy metals, comparing with the respiration 
rate under normal conditions. The work has been carried out at the Biological 
Institute in Sendai, in 1943. 

I am grateful to Prof. S. Noivti-ka for his kindness shown during the course 
of the present study. 

This report is s psrt of the Heriea of ptipcrH Hiibmitted to the Faculty of Science, 
Tdhoku Univereity, in partial fulfilment of requiienients of the degree of Doctor of 
Science, March 1948. 

The expeniBe of this study ^as defrayed by a grant from the ecientific Research 
Expenditure of the Department of Education, to which the author wishes to express 
his cordial thaiucs. 
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MATERIAL AND METHODS 

The shrimp used for this work was Paratya compressa (de Ha an) kept in the 
laboratory. The body weight of one shrimp was 0. 255g in the mean value. The 
animals were maintained in the large vessel for some days in the running water, 
providing with no food. 

The apparatus employed for observing the changes in respiration rate will 
be indicated in the following Fig. 1. diagrammatically. 

Ten animals were placed in the bottle which 
was filled with 500 cc water at first and closed 
with the liquid paraffin and rubber stopper. In 
thivS way, the oxygen consumption of the in- 
dividuals was measured ever> 10 minutes, one 
minute of each interval being occupied by 
drawing off a sample and refilling the bottle 
with liquid paraffin. 

The sample was drawn by the Winklkk's tube 
whose content was about 5 cc. Before taking 
the sample, the bottle was gently agitated for 
one minute by the stirrer to avoid stratification 
when the animals were re-sting on the bottom 
of the vessel. The shrimps remained in the 
bottle from the beginning to the end of one 
experiment. Water, solutions, and the bottle 
containing the animals were maintained at 22®C 
in a thermostat. The measuring apparatus for 
the respiration was set up in the dark room for photograph in the laboratory. 
When the illumination was in need, a 60 watt electic lamp was used on the 
outside of glass wall of the thermostat. 

The oxygen content in the water was measured by the Risen 's micro-WiNKLER 
method. The titration of the liberated iodine was performed with a 2cc micro- 
burette graduated in 1/100 of Icc. The presence of copper salts introduces a 
slight error into the Winkler method. At 0. OIN CUSO4, this error will amount 
to about 2%, and with decrease in concentration it rapidly becomes inappreciable. 
The water employed for the determination of the normal and experimental res- 
piration rates was the tap water in the laboratory saturated with air. 



1. The apparatus 
meafluriivg tho respiration, 
c, clip, r.8. rublier stopper, 
r. t. rubber tube, i?-. t. glass 
tube, from which the sample 
water iR drawn, t. tliernio- 
meter, 8. stirrer,!, p. lapiid 
paraffin. 
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OBSERVATIONS AND EXPERIMENTS 

1. The Oxy^n Consumption of the Shrimp under Li^t or Dark Conditions. 
The experiments for the normal respiration rate were divided into the follow- 
ing four series. The first one was under the condition of continuous illumination. 
The second one was under the condition of continuous darkness. The third series 
WHS under the illumination after the continuous darkness. The fouth series w'as 
under the darkness after the continuous illumination. 


Table J 


O.r0<Mi£3umpti<>n 

cc. / 10 g 
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8 . 0 / 

: 11.31 1 

8. 62 

120' 
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)0.4O 

1 

12 1 

10. 71 



Time iu minutee 
Fig. 2. OirCon?»iimption under 
Ji^ht or dark conditions. 


The results obtained from the experiment 
under these conditions were summarized in 
Table I. and Fig. 1 . The oxygen consump- 
tion was given by the mean value of ten 
animals. Considering the diurnal rhythm in 
the respiration, the respiration rate was 
determined from 2.00 p.m. to 4. 00 p.m. every 
day in September. 

From this results it may be noticed that 
the respiration rate of the light phase trans- 
ferred from the dark phase (III^ is the maxi- 
mum. But in the other three cases the con- 
vsiderable differences were not recognized. 

2. The Effect of Oligodynamic Metals upon 
the Respiration Rate. 

For the heavy metals were usexi CUSO 4 , 
BaCla and AgNOa respectively. The measur- 
ing apparatus containing animals was il- 
luminated by a 60 watt electric lamp in the 
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Table IT. O. -consumption affected by the various ionic 

heavy metals 
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course of this exixTinu'nt . The repr<‘sentaliv(i results obtained are set out in 
Table TI. and Fii^. 2. 

Tht' conspicuous rise of respiration rate was obserxed in the animals 
immersed in the solution of copix'.r sulphate, and there were also the remarkable 
exp:insion of the red pigment and rapid apj^earance of the blue pigment, which 



Fig. 3» Efteot of ionic lieavy metftlfi on the oxygen consumption of the slirimp. 
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was described in my previous paper (Nagano, 1943). 

A similar rise in respiration rate was not seen with barium chloride in the 
similar concentration, although this salt acts as a powerful stimulant to muscu- 
lar movement 

The experiment with AgNOa (0. 0002NJ and HgCl, (0. 0002Nj yielded the results 
essentially dissimilar to those obtained with copper sulphate. These salts inhibited 
the active muscular movement in that concentration and induced the disintegra- 
tion of the animals. 

3. The Injection of the Copper Sulphate Solution into the Artimal Body. 

The immersion of animal into the copper sulphate solution induced rapid 
appearance of the blue pigment surrounding the chromatophore. In this case, it 
will be noticed that the gill region was paralysed remarkably. 

Then, the injection of the cop{>er sulphate solution into the animal body was 
carried out One dosis of the injection was 0. 05cc of 0. 00004N CiiSO<. The red 
pigment expanded in 90 seconds to the maximum. The blue pigment appeared in 
40 to 60 seconds. The former was able to expand also by the other heavy metalic 
solutions, but the latter only by the copper sulphate. The occurrence of the blue 
pigment could not be obtained by the injection of sulphates other than CUSO4. 

DISCUSSION AND CONCLUSION 

In a brief review of the physiological effect of toxic copper solutions, Mitchell 
(1938) concluded that the high toxicity of copper salts rests in the activity with 
which they combine with proteins, and that their penetration into living cells 
results in the precipitation of the cytoplasmic proteins as copper proteinatea, 
and a gradual complete destruction of the entire protoplasmic structure. 

Copper sulphate solutions are acid as a result of hydrolysis. Although the 
effect of hydrogen ions upon the respiration rate was not tested in the present 
work, it will be referred here the investigation about Polycelis by Jones (1941) in 
this point. That is to say, he states that solutions of pH 3. 0 — 4. 0 have a slis^ 
effect upon the respiration rate, but a pH of 5. 0 has little action even in 24 hours# 
Since a pH of the most acid of copper sulphate solution used in my experiment 
with Paratya was 5.6, the hydrogen ton set free by hydrolysis seems not to be 
largely r^ponsible for the respiration rate. 

Whether the animals were kept in light or in dark for the long time 
(24 hours), there was no difference in the respiration rate. But the transference 
from the dark phase to light phase brought about the rapid rise of the respira- 
tion rate. Even if the behavior of the chromatophore in the Hght-or dark-adaptejd 
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animals is related to metabolism in the whole body, we could not find the m6ta^ 
bolic difference in light and dark phases by means of Winki kr's method. For 
this purpose, another exact method may be used ; for example, the electrometric 
studies of oxidation-reduction system in the chromatophore. 

The oligodynamic action of the heavy metals upon the respiration of the 
shrimp was remarkable. The copper sulphate accelerated the respiration at first in 
definite concentration, and the barium chloride excited it very slightly. But silver 
nitrate and mercuric chh:)ride inhibited the respiration in the similar concentration. 

Gcisi KtN (19v32) has reached the conclusion that it is the phosphatid of the 
protoplasma which catches the heavy metals in the toxification of the cell. The 
toxic series for the various metals is as follows: Hg>Ag>Zn>Cu>Ba>Ca. 
In this case, the “ phosphatids " will be probably the protein-pliosphatid. It is 
very interesting that the oligodynamic action for the respiration rate in my ex- 
periment followed Gi tstfin's series: Hg>Ag>Cu>Ba. 

According to Kkfik.k and Gamble T910;, the blue pigment (which is not granu- 
lar) of the crustacean chromatophore is derived from tlie red one. An opinion 
confirmed by Bkown (1935) in Palaemonctes, however, regards the yellow pigment 
as the source of the blue coloration in Leander adspersus. In my previous obser- 
vation ’of Paratya compressa (1943), was seen an evident disappearance of blue 
pigment in about two hours when the animal was placed on a white background 
in the laboratory. This fact can be most easily observed in shrimps taken out 
of the pond just before the experiment. In the present experiment, it was noticed 
that the occurrence of the blue pigment is related to the copper ion absorbed in 
the body of shrimps. But sulphate anion does not prcxiuce the blue pigment. 


C SUMMARY 

1. The respiration rate of a shrimp Paratya compressa was remarkable when 
the dark -adapted animals were transferred to the constant illumination. 

2. In a study on the effect of copper sulphate solution on the oxygen con- 
sumption of this shrimp, it was found that a definite concentration ( 0 . 008 N MXOOOSN) 
induced a marked preliminary rise in the respiration rate. 

3. A slight increase of respiration was produced by barium chloride. 

4. The rapid decline of the respiration rate was caused by silver nitrate 
and mercuric chloride. 

5. The occurrence of the blue pigment surrounding the chromatophore may 
be related to the Ionic copper metal absorbed in the body of shrimp. 
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INTRODUCTION 

The vertebrates which have served in the study of pigment migration in the 
eye are fishes, doves, imd especially frogs; while among the invertebrate moths, 
butterflies, Daphnia and crayfishes have mainly been examined. Between the 
years 1877. when Boi.i, vl877) discovered the pigment migration in the vertebrates 
and 1894, when Kik.sk.i. (1894) worked upon a moth Plusia gamma, the frog chiefly 
has served for the study of the effect of colored lights in this phenomenon. 

In 1911, Day showed that different amounts of pigment migration in the eye 
of crayfish were elicited by different regions of the spectrum at equal intensity. 
And he obtained the results that blue-violet was more efficient than red, as 
evidenced both by sections and by direct observations of crayfish eye. 

Although a number of researches for the visual sensation about Daphnia and 
insects appeared recently, the most important investigation was Merkf.r’s 
work (1929). He has pointed out the spectral limit to cause pigment migration 
of the compound eye of Lepidoptera (moths and butterflies), and other order of 
insect such as Hymenoptera (Apis) and Diptera (Drosophila). And he has proved 
that these insect eyes have the most highest sensitivity to the ultraviolet ray. 

In particular, Bkrtholf (1933) has showed the exact method for determination 
of the distribution of stimulative efficiency in the spectral extent for Drosophila. 
Yagi (1941) has described the convenient method of determination of the sensitive 
wave length of spectrum for the pigment migration of the compoud eye of 
Chilo simplex. 

*') This report is e part of the series of papers submitted to the Faculty of Science, 
Tftboku University, in partial fulfilment of requirements of the degree of Doctor of Science. 
M^frrcbi 19^ 

♦*:) Tbis study was financially aidixl by a grant from the Research Expenditure of the 
l)«?>artmeut of Education, to whicii the author wishes to express his hearty thanks. 
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The present account covers somewhat the same ground, but uudertakes to 
discover the most effective pigment migration in the shrimp eye and the autiior 
have investigated the nature of the pigment migration of the shrimp eye from 
various points of view. (Reports II, IV and V, 1947, 1948, I960). 

^ Before going further, the writer desires to express his appreciation to Prof. 
Dr. S. Nomura for his advice and guidance throughout the course of this work. 


MATERIAL AND METHOD 


The materials used for this investigation were two species of fresh water 
shrimps, Paratya compressa (df Hv\n) and Leanier paucidens (df Haan), on which 
my previous experiments of the pigment migration have been attempted. 



Fig: I. AppartttiiH 
of the colored light’n 

teat. 

An. animal 
f. filter 

heat absorbing 
water bottle 
)a, light source 

was measure by 


The apparatus for furnishing colored light was shown in 
Fig. 1. diagrammatically. The colore fillers employed here 
were four kinds of purple ~ V — Pi (400-450 m^t), blue = V — 
(467-500 m/x) ; green - V — Gi (500-550 m/x), and red — V — 
(68(1-700 m/x) respectively. For the light source was used a 
5(X) watt kinematographic electric lamp with spiral tungsten 
filament. By using this lamp were obtained wave lengths 
from 415 m/x to 700 m/x. The heat radiated from the light 
source was absorbed by water layer. The intensity of li^t 
the Maisuda's illuminometer which 


indicated dii“ectly the illuminating intensity as lux. By 
changing the distance from the light source to the eyes 
of the animal, the intensity on the object was regulated 
and the same intensity of 500 lux for all chromatic 
light was obtained. 

The previously dark adapted shrimps were fixed 
each on a slide glass sheeted with water containing 
cotton layer. The specimen was tied with a rubber 
tape slightly. Then the eye stalks of this animal were 
protruded from the edge of the slide glass to subject 
to the beam of colored light. 

For the purpose of the test of effect of the mono- 
chromati^ed spectrum upon the eye, arrangements were 
made to project the bright spectrum on the scale by 
using Adam-Hh ger's wave length spectometer (constant 
deviation type) (cf. Fig. 2t In this case, the illuminat’ 



Fig. 2. Diatrram lihowing 
arrfuigement of appiwtitu^ 
UHed ill ascertaining for 
shrimp the stimulative ef- 
fect of various spectral 
zoiw. 

An. animal 
s). slit 
Is. lens 
J). wave length 
regulator 
p. prism 
Ob. col limeter slit 
w. heat absotbfour 
water bottle 
L.s. light source 
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ing intensity upon the eyes was only 10 lux. 

As for the measurement of the degree of the retinal pigment migration, 
reference is made to the previous reports. (Report II, 1947 ; IV, 1948). The obser- 
vation was done from October to November in the dark room of the laboratory, 
which was approximately at constant temperature (17^ rfc I'^C). The experiment 
was carried out definitely from 4. 00 p. m. every day, considering the diurnal 
rhythmic movement of the eye pigment. 

EXPERIMENT AND RESULTS 

1. The Pigment Migration in tJie Eye by Colored Light Using Colored Filters* 

The specimens were exposed to color light for 10, 20 and 30 minutes res- 
pectively. The migration index of the distal pigment in the eye was obtained 
from the mean value of five individuals in every experiment. The results of 
this^experiment were plotted in Fig. 3. 



Time in miuuU« 

Pig. 3. The migration index of the Fig. 4. The migration index. 

distal pigment of the shrimp eye ex- j) darknees 

poscHl in colored light. q, green light 

ePamO/i comprem) j, white light 

purple light -- B blue light 

green light j P . . , . purple light 

blue light - -X K ml liglit 

H*=recl light • 

white light O 

It may be mentioned that purple and green was most effective to the distal 
pigment migration in the eye of this fresh water shrimp. The white light pro- 
duced the considerable effect on the eye pigment, but it was almost no effect 
after 20 minutes. The red light had the most weakest effect. 

Next, in another fresh water shrimp, Leander paucidens, the pigment 
migration affected by color light Was measured in 10 minutes at the same in- 
tensity as the case of Paratya* The result was represented in Fig. 4. In this 
case, it may be also said that purple and green is most effective and red is least 
effective to the distal eye pigment migration. 



m 


T. JSfAOAJNO 


2. The Determination of the most effective Wave Length of the Spectrum to 
the Eye Pigment Migration. 

From the result of the experiment by the colored filter, it was found that the 
^ective light lies in the region between 500-^550 m/x and 400-450 m/x respectively. 
Then, the mo&t effective wave length of spectrum was searched for by the mono- 
chromatic light in visible part. In this case, the light intensity, however, was 
one fifteenth of that in the experiment with colored filter. Table 1. shows the 
result with Paratya. 


Table I 


Wjive lengtij 

1 Migration index in 15 min. 

1 ((.listal pigment) 

W'ave length 

M. 1. ill 15 min. 
(distal pigment) 

430 

0.C5 

50C^ 

1.30 

440 

0.06 

510 

1.80 

450 

1 

1. 00 ; 

520 

0 00 

.455 

1.90 ; 


I.^O 

460 

l.CV) : 

1 

j 

J.^0 


From this result, it may be inferred that the most effective wave length to 
the photomechanical action of the distal pigment in this shrimp eye is about 
455 m/x and 510 m/x in the visible part of spectrum. 

3. The Behavior of the Retinal Pigment affected by Colored Light. 

The behavior of the eye pigments exposed to colored light was analysed by 
section. This result will be obviously seen in Fig. 5. 


Fig. 5. The rH^«iti<>H of the retinal 
pigment affected by colored light. 

d.p distal pigment. 

p. p prt)x:iinal pigment. 

r.p reflecting pigment. 

bft.m. .. basement membrane. 


It was the most remarkable fact in this investigation that the reflecting 
pigment has remained above the basement membrane and the proximal pigment 
has migrated above the basement membrane as the light adapted eye. 
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DISCUSSION AND CONCLUSION 

The results obtained show clearly that the behavior of the pigment in the 
shrimp eye is dependent upon the wave length of spectrum, certain colors are 
much more efficient as stimulating agents than other. 

It may be interesting, briefly to compare the works of numerous other 
investigators in regard to the relative stimulative efficiency of light at different 
wave lengths for various animals in order to see where the results of the present 
investigation fit into the picture. 

One of the first investigations in which both the wave length of light and 
the energy were measured was that by Gross in 1913, in which he compared the 
stimulative effects of four different spectral zones of equal energy on several 
insects, Drosophila, Feltia, and Calliphora adults and Zulzera and Calliphora 
larvae. He found that for each of these the most effective wave lengths were in 
the blue-violet zone, between 430 and 490 m/^. M\si (1917) investigated the matter 
again for Calliphora larvae (and for a number of lower animals) in a carefully 
controlled experiment and found the most efficient energy for inhibiting, the 
stereatropism of Tenebrio larvae to be sharply lfx:alized in the neighborhood of 
535 m/x. VissciiKK and Li ri (1928) compared the stimulative effect of 13 different 
spectral zones of equal energy on the cyprid larvae of the barnacle Balanus and 
found the region around 540 m/ix most effective. The investigations of Brrtholk 
(1931) on the honeybee indicate that the miiximimi in the visible spectrum for 
this animal is close to 553 vcm. Thus we see that the maximum for different 
animals even though fairly closely related is not the same. This has also been 
ably pointed out by Hkcui (1928) and Schi.ikpkk (1928\ In my experiment it was 
concluded that the most effective wave lengths to the shrimp's eye pigment are 
in the neighborhood of 510 m/x and 455 m/i respectively. 

SUMMARY 

1. By measuring the migration index in distal pigment of the fresh water 
shrimp)8 (Paratya compressa and Leander paucidens), the most efficient region in 
the spectrum to the eye pigments was determined. 

2. The most effective wave lengths to the migration of the distal pigment 
of Paratya^s eye are in the neighborhood of 510 m/x (green) and 455 m/x (purple). 

3. The proximal pigment of the shrimp’s eye behaved to the colored light 
the same as to the lightness. 
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In the previous paper, the chanj^es in the rate of oxygen consumption of the 
daphnid in course of the development were traced iHo^^hi 1949 b), and it was found 
necessary for the purpose of physiological experiments to use the imimals of 
the same developmental stage, because the numbers and developmental stages 
of the eggs or embryos in the brood chamber were not always the same even in 
brood -mothers originated from a single brood. The volume of oxygen consumed 
by a brood-mother is the total amount consumed by the mother herself and eggs 
or embryos developing in her brood chamber. For the purpose of minimizing 
the difference of respiratory rate due to the difference of developmental stages, 
the best way is to use the animals of the first instar stage. 

The present paper deals with some data on the temperature coefficient (Qio) 
and temperature characteristic (fi) of the oxygen consumption of the first instar 
young (released young) on the day they were discharged by the mother which had 
been cultured at 25X. by the methods already reported (Hoshi 1949 a). 

The animals used in the experiment measured 0.610 mm. in length, while 
those of the same stage used in experiments during the summer of 1949 mezisured 
0.624mm. in length (Hoshi 1950). Methods used for the measurement of respira- 
tion were the same as described pre\iously. The experiment was carried out at 
eleven different temperatures between 30*^0. and from August to December 
1947. In calculating the volume of oxygen, corrections were made for the water 
vapour tension and temperature. The respiratory values given in Table I are 
the averages of nine measurements. 

The value of the temperature coefficient is 2. 88 (15®C.“20X.), 2. 19 (20‘^.~25'^C./ 
and 1. 99 (25'^C.-30X.) respectively ; it becomes 1. 18 between 8°C. and 16^C. In 
respect to the temperature coefficient for the oxygen consumption of the daphnid, 


460 



PHV810r/)Gy AND E(X)LOGY OF PLANKTON, IV 


461 


there has been only one attempt which was presented by Obrkshkove and 
Abramowitz (1932) in Daphnia tnagna. They reported that Qio was 3. 19 for the 
temperatures from 8^C. to IS'^C. and was 1. 73 between 18°C. and 28'^C., subject- 
ing the first brood-mother to the measurement. 


Table I. Oxygen consumption of Simocephalus vetulus, 
first instar young, at various temperatures 


Temperature 

1 ^ 

10 

13 

15 18 

20 

23 

25 

26 

(27) 

28 

30 

per indiv. per lir. 

SI 

(38 

.39 

42 49 

70 

84 

104 

109 ( 

115)* 

132 

149 

Qin ! 


I.' 18 


2. 88 


2.^ 



7797 




* Thi.M value wan <>btaim^d durinir tlie siiinituT 1948, wliich is in accor<l with the 
data pn^nented her(‘ ' I'f., IUjh.tii I 95 o 


As in chemistry, the effect of temperature upon the velocity of various bio- 
logical reactions can be expressed by Arrhkmus’ formula as follows: 




_ > 

/'I Tt } 


where K] and are the velocity constants at the absolute temperatures, Ti and 
To see whether this formula applies to the present data, the log rates of 


the oxygen consumption were plotted 
temperatures (Fig. 1). 



^xio^ 


Fig. I- The logarithm of the rate <»£ oxy- 
gen consumption in Siniocephalw vetidv'^, 
first instar young, plotted against tlie 
reciprocal of the absolute temperature. 


against the reciprocal of the absolute 

The graph shows a distinct break at 
15^C. and the slope of the line above 
this temperature gives the temperature 
characteristic /it of 14915. The value 
below 15X. is 2561. The results of 
OuKEsiiKovK and Abramowitz (loco dt) in- 
dicated that fi was 10017 in the tempera- 
ture ranges from 18*^. to 31'^C. and was 
18923 from S'^C. to 18X., which was 
found to be the critical temperature. In 
the present study 15'^C. is the critical 
temperature, and 15°C. is one of the 
critical temperatures found most fre- 
quently in various biological phenomena, 


represtoting an occurrence of the controlling reaction” (Crozier 1925). 


In the present results, three Qio values and one /z value in the higher tempera- 
ture ranges correspond nearly to the values which have commonly foimd for the 
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respiration in other various kinds of animals. Both and /x values in the 
lower ranges are much smaller than what have been reported by previous authors. 
The M value of 14915 in this study and of 10017 obtained by Obrkshkove and 
ABRAMovvnz, above the critical temperature, might be considered as a deviation 
.from the value of 16100 and 11500 respectively, each of them being the tempera- 
ture characteristic for oxidations (Ckozikk' loco cit.). 

There was no esvsential difference between the respiratory apparatus used by 
the present author and that of the authors abf)ve mentioned. In both cases a 
modification of THi NBKK(r’s micro-respirometer was employed. And the ^ value 
below the critical temperature in the present study is, as mentioned above, much 
smaller than those reported by them and als^) by other workers. This low value 
of uL below 15'^C. may be connected, to some extent, with the fact that the animals 
used in this study were the descendants from the mothers which had been cultured 
at 25^C. throughout the course of experiments, as stated previously. 

Bei.ehkadfk (1926) propovsed an empirical formula for the relation between 
temperature and velocity. His formula runs as follows: 

y = logy ~ log a ~ b*\o^ t 

where y — time, t - temperature ; a and b are constants. On application of this 
formula to the present data, the constant b, which is regarded as a temperature 
coefficient, was found to be 1.04 between 8 C. and 30"^C. No linear relationship 
was obtained in this case between log temperature and log time. It has been 
reported that the value of b generally lies between 1.0 and 3. 0 (BsLKnRXDKK 1935). 
As re^gards this constant, however, Hkilbrcnn J938j states that “in view of em- 
pirical nature of the equation, the constant b has no physical or biological 
significance. ” 

The author wishes here to express his gratitude to Prof. Skichiroku Nomura 
for kind suggestions. 
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The summer egg of Simocephalus deposited in the brood chamber is compactly 
filled with a plenty of yolk granules, and in the centre of the egg a large oil 
drop is found. The size of the yolk granules in earlier stage is, at largest, ten 
ix in diameter. Some of these yolk granules, then, fuse gradually into a large 
yolk 'mass, the size of which extends from thirty to forty /x in diameter. This 
fusion of yolk granules takes place from gastrula, and all of the yolk masses 
are gathered around the oil drop at the time of the bursting of the egg-membrane. 
The yolk granules in a yolk mass are isolated from one another at the begin- 
ning, but in the later stage they tend to melt together into uniform phase. In 
course of the absorption of the yolk material the mass becomes small and irre- 
gular in form. 

The oil drop, which is found singly in the centre of the egg, is divided into 
a few numbers of small droplets in the later stage. Besides the oil drop, some 
number of oil droplets are found among the yolk granules in the egg, but they 
never appear in the yolk granule of earlier stage. These drops and droplets 
are, in later stage, taken in the yolk masses. But the formers are found isolated 
from the latter in the yolk iuelss. With advance of development, the gradual 
decrease of oil substance results in the remainder of minute quantities of the 
oil droplets on the dorsal side of the brxly in the free-swimming stage (released 
young). 

On the other hand, the oil drops and droplets become somewhat reddish 
gradually in the later stage while the drop in newly deposited egg is almost 
colorless. Therefore, some changes in quality as well as in quantity in the oil 
drop and the droplets would be perceivable in course of consumption of oil 
substance. 
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The aim of this paper is to describe what kind of subsfance is utilized es- 
pecially in the earlier development of Simocephalus vetulus (O.F. MDm.kr). 

In the earlier stage, the yolk granules stored compactly in the egg prevent 
UB from Clear observation of the oil drop and droplets. The treatment with 
centrifuge of the egg enabled us easily to observe an exact aspect of the oil drop. 
The centrifugal force used in the experiment was 1058 times gravity. The egg- 
membrane withstands the same centrifugal force without any rupture even for 
one hour. The results are shown as follows : 

a) Gastrula. 

The oil drop migrates to the centripetal side, and the droplets are found 
around it (Fig. 1, A). The yolk granules, on the other hand, run to the centrifugal 
side. Between the oil drop and the yolk granules is situated the cytoplasm. 
Among the yolk granules, the 
smaller ones are situatexl on 
the centrifugal side. The 
larger yolk granules, which 
seem to contain much more 
carotinoid pigment than the 
smaller ones, are found near 
the cytoplasm. This pigment, 
in later stages, disappi^ars 
nearly from the yolk mass 
and diffuses in various tissues 
of the body. 

b) NaupUus. 

In the nauplius, as well as 
in gastrula, the oil drop mi- 
grates also to the centripetal 
side (Fig. 1,B). The oil drop- 
lets in this stage do not appear around the oil drop but are situated among the 
cytoplasm or remain near the yolk masses. On the centrifugal side are found 
the yolk masses. In many cases it was observed that the oil drop was situated 
on the ventral side of the body while the yolk masses remained on the dorsal 
side. This is interesting from the fact that the absorption of the yolk material 
is larger or more rapid on the ventral side than on the dorsal. 

C) Hatched Embryo and Released Young. 

In these stages, no perceivable effect of centrifugation was found in the body. 
The oil drops and the yolk masses, both of which now having become small, 


or ODL 



Fii^. 1. Dinu-raniiiial ic reprCsoiitati<'ii of embryo 
troatwl with coiitrifuLt*. 

A (iawtrula. 

H Nauplius. 

()D, oil dn)p; ODIi, oil dntplot ; 

'S'Ct, yolk |[^auule; VM, yolk nmsa; 
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do not migrate but remain almost unmovd. It might be considered that the 
arrangement of various tissues formed in the body might prevent their migration. 

The embryos subjected to centrifugation were, then, stained vitally with fat- 
dyes: Sudan III, Scharlach rot and Nile blue. The oil drop and droplets were 
stained brilliant yellowish orange with the former two. With the latter they 
' were colored brilliant pink. It is obvious, jtherefore, that these drops and droplets 
contain a kind of fatty substance. Judging from the color of the oil drops 
stained, we can consider some glycerin-ester as their chief content. As mentioned 
above, this fatty substance decreases gradually with advance of development and 
the small amount of the droplets remains only on the dorsal side of the body in 
the free- swimming stage. In other words, the gradual decrease of the fatty 
substance existed in the oil drop suggests the utilization of fat during the 
embryonic development. 

As to the energy source of the embryos, we pointed out in the previous paper, 
from the results of studies on the changes in respiratory quotient during de- 
velopment, that fat was mainly utilized in the gastrula (Hosui 1950). The present 
study, therefore, adds a datum which supports the concept that during earlier 
stages of development fat plays the principal role of the energy supply. 

The results of Konopacka (1924) and also of BKArnpi (1934), which indicated 
the utilization of fat in earlier stages of amphibian embryos, call here our 
attention in connection with the energy source of the embryonic development. 

Recently Ohman (1940, '45) reported results similar to the present study in 
connection with the fat-utilization in the early stage of sea-urchin embryos. 


The author wishes here to express his hearty thanks to Prof. SifirniROKU 
Nomura for kind suggestions and criticisms in this study. 
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There are many reports concerning the nocturnal or diurnal activity of 
mosquitoes (Kcmm and Novis, 1938 ; Mitsui^ 1942 ; Bates, 1944 ; Tshiguro, 1944 ; iH vnnow, 
1945, ; H ^sr(,A\vA, 1944, 1945; Yosumv mid others, 1947). However, investij^ations 
from the synecological view point are scanty. The day and night succession of 
the sand dune insect community was studied by Chapman and others ^1926), but 
they made no quantitative treatments. In the studies in nocturnal ecology, Park 
and others (1931) observed the nocturnal ai.:tivity of animals in relation to the 
environmental conditions, but their studies on the associative analysis was 
insufficient. In the present paper, the writers descrilxi the nocturnal succession 
of the mosquito asscxziation in the biting activity. 

The writers are indebte<l to Drs. Uao Motomcka, Gi nu Tomita and Yasvo Abe 
for their criticisms and advices. 


EXPERIMENTS 

The experiments were done at Funaoka near Sendai, from August 27th to 
September 1st, 1946. A mosquito-net (1 m^) was set at the entramce of a stable 
and the hourly catches of mosquitoes were done. 

RESULTS AND DISCUSSION 

During the course of the experiments, the following six species of mosquitoes 
were obtained • Armigeres obturbans, Aedes vexans nipponii, Mansonia umformiSf 
Anopheles hyrcanus sinensis, Culex iritaeniorhynchus, Culex pipiens pallens, 

* Tiie expense of this work was partly defrayed by a grant fn^m the Scientific Reeearch 
Expenditure of the Department (;f Education. 
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I. Biting Cycle of the Mosquitoes. 

As is expected in the insects whose activities are governed by photic en- 
vironment, numerous mosquitoes enter the stable at the evening dusk, early in 
the night and then at the morning twilight (Fig. 2). It is very interesting to 



.f'ig. I. Hourly Hcqucncx^ of tlio individuiil iiuudx^r of each Hp<.‘ci(*H in the iioctiuiml couxHte 

of activity. 

notice that there is the specific photic reaction, that is the specificity in the 
optimal range of illumination intensity which influences the activity, and thus 
in the evening and early in the night the activity becomes vigorous in the order 
of ArmigereSf Aedes, Mansonia, Anopheles and Ctdex, but is reversed at the 

morning. 

II. Succession in the Mosquito Association. 
a. The Form of Association. 

As above mentioned, each species of mosquitoes has characteristic flight 
habit Now the mosquitoes entering into the net should be accepted as one 
type of the so-called animal association. Motomira (1932) instituted a formula, 
logy A ax - b, where x is the rank in individual number of each species of which 
an association consists, y is the number of its individuals and a and b are 
constants. By plotting the logarithms of y against x we should expect a straight 
line, from the slope of it, the value of a can be obtained. Thus the value of a 
should express whether the association is simple or complex. Here the writers 
should like to notice that the value of b is accepted as the index of the popula- 
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tion density of the association. 1 herefore the form of an association is expressed 
by using the values of a and b. 

In the present investigation, it was tested whether or not the every hour's 
catches can be explained by Motomcra’s formula. In the successive hourly catches, 
a linear distribution of the logarithms of individual number of every species 
against their ranks in number was obtained without exception, probability of 
non linearity Ix'ing always more than 20 per cent. 

As is shown in Figure 2, the values of a and h are not always equal. At the 
17 18th hr. the value of a is fairly large, that is the composition of the catch is 
rather simple,. Arwigercs being the dominant species. But at the 18-19th hr. 
the value of a decreases re- 
markably to the level of 0. 20, 
namely the comiJK)sition be- 
comes suddenly complex. The 
values of b are rather small 
ill the evenin^^ dusk, but there- 
after increases markedly and 
thus the high population con- 
tinues till 21th hr. During the 
latter half of night the small 
values of a and b run with 
parallel, that is to say the 
activity becomes very weak. 

The value of a markedly falls 
at the 3~4th hr. to about 0. 12, 
where there are no so-called 
dominant species, and the 
population density is thinest, 
being small the value of b. The composition becomes at the 4-5th hr. suddenly 
simple, Aedes being the dominant species. 

Conclusively the mosquito association is simple at the evening dusk where 
Aedes is dominant, very complex in the night with Culex as the representative 
species, and again becomes simple in the morning twilight when Aedes is 
dominant. 

h. Succession in the Mosquito Association. 

To determine the change in the composion of the hourly catches in the noc* 
tumal course of biting activity, the correlation method given by Motomura (1935) 
wm applied. 



Kier. 2. Showini? the change in the form of hourly 
catcheH by the value of a and h. 
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Between the individual number of each species in an hour’s catch and thait 
of the corresp>onding species in the following hour, the coefficient of correlation 
was calculated, and the results thus obtained are shown in Figure 3, where white 
spots show non-si gnificancy and black ones significancy. 



3. Showing relation between le>nrly catdie^ by the CoetlicioiilM of correlation. 

Until the 20th hr. the correlation coefficients are fairly low, therefore the 
components of the hourly catches in the evening and early in the night may be 
expected to change one after another. But after the 20th hr. the hourly catches 
correlate with each other very highly, the coefficients of correlation being 0. 9 or 
so. It may thus be conceivable that the composition of catches in these hours 
do not change, in other words the association is very stable. But after the 3^th 
hr. the composition changes suddenly and shows a very low correlation, being 
only 0. 14 between the 3-4th hr and the 4-5th hr. In the morning the correlation 
again becomes very high. 

Therefore, it may be concluded that the unstable mosquito association in the 
dusk extends into the stable night association and is followed again by the un- 
stable one in the morning twilight. 

Sinoe it was desirable to know more definitely the succession of association, 
the reciprocal relation between the hourly catches was investigated by exteilding 
the above mentioned correlation method (Fig. 4). Thus, 13 series of correlation 
coefficients were obtained, from which we were able to classify the mosquito 
association into several consocia. As is clear in Figure 4, the first three series 
are independent of each other, so that the mosquito association should change 
every one hour. The series from the 4th to 7th resemble each other in their 
characters and the same can be said for the following three series, namely 
from the 8th to 10th. Thus, three consocia are recognized in the night. The 
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association changes suddenly from the 11th series into the remarkably differ- 
ent 12th series, which resemble the 13th, so we may here expect two consocia. 



Fijf. 4, il) Mirie.s of coefficieutH of correlution obtaiueil by llio reciprocal treatment of 
hourly catcher*. 

Seven series, those from the 4th to '7th and from the 8th to 10th, belong to the 
stable phase and the first three series in the evening and last three in the morning 
are referable to the unstable phase. It is very interesting to know that the first 
series resembles the 13th series. 
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Finally we can summarize the succestion in mosquito association in the 
ing activity into the following system of three phases and seven consocia* 

I. Unstable Phase in the Evening 

a. Armigeres obturbans-consocium ; b. Aedes vexans-Armigeres 
obturbans-con^ocimn ; c. Aedes t^^jmws-consocium. 
n. Stable Phase in the Night 

d. Culex tritaeniorhynchus-cou^ocixim ; e. Culex trit.-Culex pipiens 
pallens-consiycixim. 
in. Unstable Phase in the Morning 

f. Phase of weakened activity ; g. Armigeres obturbans-cons^ocnim. 
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The breeding places and larval habitats of various mosquitoes hitherto 
reported contain but brief descriptions without details of investigation (Nomuua, 
19^i3; Hom)i, 1948; Batk>, 1949; Shog\kj, 1950;. The writers, to know additicMial 
light on the problem, here deal with the synecological investigation of the larval 
habitats of various mosquitoes in Sendai. 

The writers are obliged to Drs. ls\o M"iomik\, (h.sji Tomha and Yasuo Ame 
for their criticisms. 

RESULTS OF SURVEY 

The larval survey of 1946 resulted in finding from various water bodies in 
Sendai the following 18 species of mosquitoes ; Aedes to^)i, Aedes japonicuSy 
Aedes flavopictus, Aedes vexans nipponii, Aedes esoensis, Aedes niveus, Armigeres 
obturbans, Tripter aides bambusa, Anopheles hyreanus sinensis^ Anop}ieles sineroides, 
Anopheles lindesaii japonicus. Anopheles koreiciis, Culex pipiens pallenSy Culex tri- 
taeniorhynchus, Culex vorax, Culex hayashii, Culex orientalis and Culex bitaenio- 
rhynchus. The water bodies were classified empirically into ground pool, spring, 
pond, swamp, paddy field, bamboo flower vase of graveyard, stone flower vase 
of graveyard, stone basin, water barrel, foul water, cess pool in farm, remnant 
of toilet pool and tree hole. 

In the present investigation are recorded only the water bodies where mosquito 
larvae were found, and the density of the larval population was not researched. 

i 

♦ I’he cvxptMwe of Huh work was piirtly defrayed by a i^rant from the 8cieutitic itesearch 
Kxpoiiditui“e of the Department of Education. 
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RESULTS OF INVESTIGATION 

Applying the correlation method (MoTt)MLKA, 1935, Kato and ToRiirwi, 1950J, 
two problems were quantitatively dealt with, viz. the kind of species in relation 
f to water situation, and the kind of larval association in relation to water body. 

I. Larval Association. 

In this study 10 species were used as the other 8 were too rarely for sta- 
tistical handling. The correlation coefficient between the frequency for a certain 
species collected from various water situations and for the other species from 
corresi)onding water bodies was calculated successively, and thus 10 series of 
correlation coefficients for the 10 species were obtained, from which the mosquitoes 


could be classified into several groups 



Fig. J, JO serief? of coefficients of corre- 
latum obtained by the rccipn.^cal treat- 
ment of 10 specicfl of raosquittoes. 
Figurt‘8 on abscigsa correnpond 
reepectively No. of gpecieB. 


(Fig. L). 

1. The first series of Aedes japoniais is 
independent to all other series, but slightly 
resembles the following three series in 
characters. Judging from the fact that 
these three species, Aedes togoi, Culex pi 
piens pallens and Culex vorax, have each 
other similar character in the series of 
correlation coefficients, they may be found 
in similar aquatic situations, where Aedes 
japonicus occassional ly grows. 

2. The character of the 5th series, Culex 
tritaeniorhynchus, and of the 6th, Anopheles 
sincusis, resemble each other, but the corre 
lation coefficient between these two series 
is not so large, that the breeding places 
of these two species may not always be 
similar. 

3. Armigeres obturbans and Aedes flavo- 
pictus must grow in similar water situ- 
ations, for the 7th series closely resemble 
the 8th in its character. 

4. The correlation between Culex haya- 
s/in -series and Culex orfew^fl/ts-series is 
fairly low, due to habitat, the former in 
the spring, and the latter in the paddy field. 
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11. Larval Habitats. 

Tlitj writers (ieB.lt with. 12 WBter situBtions, except the tree hole where A.€(i€s 
fhwopictus was found only once. From the frequency obtained for various mos- 
quito larvae in a certain water b(xiy and for the corresponding species in other 
water bodies, the correlation coefficients were successively calculated, and the 
reciprocal relation between 12 water situations is represented by 12 coefficient- 
series ; these are divided into six groups (Fig. 2 . 

1. The ground pool including vari- 
ous small water areas on the ground, 
w'here various mosquitoes, for in 
stance, Aedes vexans, Anopheles 
sineroides, Ctdex hayashii and occa- 
sionally Culex t r itaenior hynchus are 
foimd, is independent of any other 
wmter bodies. 

2. From the fact that the 2nd 
vseries fairly well resembles the 3rd, 
it is conceivable that a similar mos- 
quito association may hit foimd in 
these two situations, spring and pond, 
where Culex hayashii and Anophe'es 
sineroidcs are the representative 
species. 

3 The swamp- and paddy field- 
series are similar in their charac- 
ters, where association is 

foimd mixing with Culex tritaenio- 
rhynchus. 

4. The bamboo vase of graveyard 
is a peculiar situation for the mos- 
quito larvae, forming Aedes flavo- 
pictus-Artnigeres obturban s^associ- 

ation, and Tripteroides hambusa is 
Fig. 2. ]2 of corrolation coelilcitMil^ . i ^ i 

obiai.ted by the wciprocnl .,t ^ere occasionally found. 

water BitiiatiolUi. Fi^>ure>^ on abHcisHa corr(^- 5. It is very interesting that the 

Bfxind respectively No. of water bodit- charcters of coefficient series of the 

atone vase and of stone basin quite differ from that of the bamlxio vase, in spite 
of that these three situations are in the graveyard. Here the simple association 
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composed mainly of Aedes japonicus is found, and occasionally Aedes togoi and 
rarely Aedes flavopictus and Culex tritaeniorhynchus also breed. 

6. Judging from the characters of coefficient series, water barrel, foul water, 
remnant of toilet pool and cess pool are similar in their environment for the 
mosquito breeding, forming Aedes togoi-Culex pipiens pallens Culex vorax=^QSSoc\' 
ation. Attention should be given to that the water barrel-series resembles 
somewhat the stone vase and stone basin, due to the occassional mixing of Aedes 
japonicus. 


CONCLUSION 

The larval heibitats of various mosquitoes foimd near Sendai were syntH^ologi 
cally investigated by means of the correlation method. 

1. It seems that various mosqitoes tend to form the following association^ 
that is to say, the following five groups of mosquito larvae grow respectively in 
similar breeding places. 

a. Aedes japonicus b. Aedes togoi-Culex vorax (-Aedes japonicus) , 

c. Anopheles hyrcanus sinensis-Culex tritaeniorhynchus {-Culex orientalis\ \ 

d. Arntigeres obtur bans- Aedes flavopictus \ 

e. Culex hayashii- Anopheles sineroides. 

2. Various water situations can be divided into the following six groups, 
in each of which a characteristic mosquito associaUiion may be formed. 

a. Foul water- remnant of toilet pool- cess pool- water barrel; 

b. Stone vase- stone basin in graveyard ; c. Bamboo vase of graveyard ; 

d. Swamp-paddy field ; e. Pond-spring ; f. Ground pool. 
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1. FLUCTUATION OF THE NUMBER OF LARVAE AND SPATS 

The differences in the annual catches of the scallop were reported by 
Ki SHI NOLI VF. (1896;). Nishioka (1943), and Sato and Sasaki ,1945'. The latter concluded 
that the differences were due to the changes in the v)eriod of appearance of the 
young. 

The present writer studied the differences in the number of swiiimiing larvae 
and spats of the bivalve from the season of 1941 to 1950 in Mutsu Bay ; the 
number of vswimming larvae in the years 1913, '46, ’48/49 and '50 are respectively 
5, 786, 3096, 38 and 556 i>er cubic meter of sea water caught by means of vertical 
net collections, and in the other yeans no larva was found. The number of spats 
in the years 1942, '43, '46, '48, '49 and '50 are respectively 1/20, 1;'30. 9. 76. 1/3 
mid 5 per area of 100 sq. cm. of collectors, and in the other years no spat was 
caught (Fig. li. 

11. INDUCTION OF SPAWNING OF THE SCALLOP 

It is reported by Kinosiuta (1943) that the scallop is induced to spawn by a 
5'^C. rise in temperature and 0. 4 rise in pH of the medium. The writer (Ya.m amdio, 
1949, a ) found in the laboratory that the low effective temperature of the spawning 
is 8.0-8. S'^C., and the spawning is inactivated in lower temperatures, and on the 
contrary is stimulated by a sudden rise in temperature, even by 0. 5'^C. above the 
effective temperature, and also that the falling of pH inhibits the spwaning, but 
no effect was seen with the rising of it. Such stimulation is more effective 
during the high breeding season. 

n Contributiou from the Mariiie Hiologica) Station, Anamiwhi, Aomori-Keu, No. 183. 

21 Aided by a grant from the Scientific iioHoarcii Exp^mditure of the Department of 
Education. 
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Fig. 1. Sm<^()thetl curves f)f coast temperature avera^d lor five couHccutive days. 
Horizontal lines in April represent the level of the low effective temperature for 
spawiiin;^ and the period of hi^^di brw*diuir Hi^aBou. Size of circles and vertical bars 
show reflpoctiveiy the relative amounts of swimming* larvae and attached epats, and 
the yearfl with imderlinea indicate that spat.s were found abundantly. Horizontal 
banda at the bdtom of graphs show the characters of dominant species of plankton* 
white, liatched and black parts represent respectively characters of cold, moderate 
aial warm water. 
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It is already reported and generally accepted that temperature is the most 
important factor controlling the spawning of many lamellibranchs (Nelson, 1928a, 
etc. ), especially in Osirea virginica (Galtsokf, 1938, etc. ) under natural conditions. 

The water temperature of the coast (Fig. 1) runs parallel with that of the 
bottom, and thus 8. G-8. which is the effective temperature of spawning, is 
represented by 9. (V-9. 2'^C. of the coast temperature. 

in. BREEDING SEASON 

The gonad of the female scallop in Mutsu Hay in December contains primary 
oocyte which is in Testing period during the winter months. Thereafter, the 
oocyte in the condition of metaphase of the first maturation division, viz., the 
ripe ovum is spawned and fertilized by spermatozoon in the sea water (Yamamoto, 
1943. 

The high breeding season continues always to late April, and the ovarian 
eggs degenerate at the beginning of May, and it seems that some of them are 
absorbed and others are discharged. The visceral mass containing the ovary, 
therefore, shrinks emiy in May. Such degeneration of the gonads has been found 
bijtli under natural and laboratory conditions with or without spawning, and has 
also been recognized in various animals, especially in lamellibranchs, viz. Pecten 
opcrailaris, P. lafianritus, Venus mercenarui, Osirea virginica, O. edulis (Amir* 
thai.in(;am, 1928; G>i', ’45; G-vrasoi'K, 38a; Loosanoi-I', ’37, ’42; Orion, ’27,;. 

Most scallops, about 60^, contain the ripe ova from the beginning to the end 
of April, and then suddenly the ripe individuals decrease in number to S~V)% at 
the beginning of May. It is, therefore, possible to induce the spawning in large 
quantity only diming the period from the beginning to the end of April, and only 
in a small percentage 'at the beginning of May. 

Thus, it is concluded that the high breeding season of the animal is seen in 
April in Mutsu Bay and is not governed largely by the environmental conditions 
but rather seems to be due to the physiological sexual cycle. 

IV. GENERAL CONSIDERATIONS 

The years when the sea water temi>erature reached the effective temperature 
of spawning in April are as follows: 1939, ’40, 42, ’43, '46, ’47, '48, ’49 and ’50 
(Fig. 1). Judging from these facts il is believed that the scallop was able to 
spawn only in these years, in which period the swimming larvae and attached 
spats were collected ; no spawning was observed in the other years. Basing upon 
this fact it is conceivable that the changes in appearance of the larvae and spats 
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in Mutsu Bay run parallel with the fluctuation of spawning of the scallop. 

Moreover, in 1939, 1946 and 1948, the temperature curves leaped suddenly 
above the effective temperature level, and in these three years, the swimming 
larvae and spats were abundantly found as already described. Apparently such 
^discontinuous sudden rising of sea water temperature, as in the experiments of 
spawning induction in laboratory tanks, would induce the spawning of the scallop 
also under natural conditions. On the contrary, the slow rise of the temperature 
may not, to any great extent, affect the spawning, for the sudden rising of 
temperature alone seems to stimulate the spawning reaction. The case of 1949 
reveals the above mentioned conditions (Fig. 1). 

The leaping of the temperature above-mentioned was affected by the Tsushima 
warm current, a branch of the Japan stream. Fluctuation of the warm current 
flowing into the bay has been investigated by Kokcik) (from 1946 onward) who 
says that the succession of the dominant plankton species represents more pre- 
cisely the conditions of sea water, and in spring characteristic diatoms of 
Ckaetoceros s(x:ialis and C. debilis are replaced by C. affinis, an indicator of 
moderate water, and then later by C. decipiens of the warm water type. In 1946 
and '48 the succession was more remarkable and especially in 1948, C. decipiens 
appeared dominantly already at the beginning of April, and the temperature 
leaped above the critical temperature in the same period. Further, in the late 
April of 1946, the sea water of the open sea, which was affected by the warm 
current, flowed into the bay and raised the sea water temperature higher than 
that of the same season of any other years observed. 

Generally saying, the ascending of the sea water temperature by the air 
temperature and solar radiation is more striking near the coast, and, on the 
contrary, more remarkably affected off shore by flowing oceanic warm water. 
The discontinuous sudden rising, therefore, is expected to be more remarkable off 
shore than that shown in Fig. 1. 

Finally, the spawning of the scallop in Mutsu Bay is perhaps induced by the 
sudden rising of the water temperature due to the strong warm water current, 
which flows into the bay during the breeding season, and without such phenomena 
the gonads of the scallop probably degenerate and the visceral masses shrink* 
The similar fact has been reported in O. virginica (Nki.son, 1928; Hopkins, ’31j. 
The slow ascending of temperature delays the reaction jDeriod for spawning of 
the oyster and induces no remarkable spawning (Nfcson, 1928). 

Finally the writer wishes to express his obligations to Profs, I. Motomura and 
M. Kato for their helpful suggestions. 
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PENTHIC COMMUNITIES IN MIJTSU PAY^^’^ 

By 

Goi'aro Yamamoto 

lUologlcal ImiiUUe, TdJioku Univernity, Sradai, Jdjt'in 
(.With 3 'rext-fiL''Urt?8 ,) 


COMPOSITION OF BENTHOS 

1. The composition of benthos collected by P'km vn-Bikci ' s bottom sampler 
with opening of 1/44 sq.m, at 24 stations in Mutsii Bay is as follows: polychae- 
tous annelids 57. 8%*, molluscs 25. 2%*, echinoderms 6. ?%■, crustaceims 2. Biots' and 
others 7 . 5 %. The composition of benthos is not uniform throughout the bay, 
but varies with the stations. 



Fig. I. Reciprocal ralatiou between the compositions of benthoR obtained from 24 stations 
represented by correlation coefficientB. 

1) Contribution from the Marine Biological Station, .VeamuBhi, Aomori-Ken, No. 184^ 

2) Aided by a grant from the Scientific Research Expenditure of the Depart mont of 
Education. 


482 



BENTHK^ (XIMMITNITIES TN MIJTSU BAY 


483 


According to Motomi ra (1935), the correlation coefficient between the consipo- 
sition of each station was calculated one by one and thus the reciprocal relation 
between each station was represented by 24 series of correlation coefficients 
(Fig. 1). Here, the correlation between the stations 15, 13 and 21 ; 24 and 8; 20 
and 17 are statistically insignificant and therefore they are divided into four 
groups or four benthic commimities which can be divStinguished in Mutsu Bay 
(Fig. 2a\ 

2. In order to clarify the forms of these four communities, the application 
of Motomi ka’s law of geometrical progressi()n (Mohoh ka, 1932), logy -\- ax—h 
where y is the number of individuals of one species and x is its rank in number, 

was tested. As is shown in Fig. 
3 the law is applicable to the 
benthic communities of Mutsu 
Bay with 95?^ reliability. 

The value of a, which indi- 
cates whether the community is 
simple or complex, is so small 
in the first and fourth communi- 
Pic’. t'. \ppl}iu£r ilic law -it i^-aoniotricul proj^rottHion. tics that it is recognized that 
these two are complex in their composition, and on the contrary, the benthos is 
fairly simple in the scH:ond and third communities, the value of a being fairly 
large. 

3. The first benthic community, which occupies the mouth of the bay is 
dominated by scaphopods amounting to 22%, most of which are Dentalium sp., 
followed by a polychaetous annelid in 14.9^, and a crustacean amphipod in 10^. 
It was clearly shown by the value a that the »CQmix)sition is so complex, and it 
is rather difficult to explain the character of the community with only one or 
two representative species. The bottom material of the groimd consists of sandy 
mudi 

The second commimity is fairly simple. Scaphopods, most of whom are 
also Dentalium sp., are dominant making 53%" of the composition in this area, 
followed by the polychaetous annelid Telepsavus in 24%*, and the annelid Maldane 
sarsi in 123^. The substratum consists of fine mud, occupying ithe center of 
Aomori Bay. 

The third community is the most- simple one. The community is dominated 
by the polychaetous annelid Maldane in 80^ of composition, and another in 15% f 
while the ophiuroid Ophiophrag/nus japonicus was found only in 2%. This com- 
munity is characterized with the dominant species, Maldane sarsi, and is clearly 
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distin^i&hable from the second community. The bottom is formed of fine mud 
in the east half of the center of Mutsu Bay and in the innermost of Aomori Bay. 

In the fourth community, the ophiuroidean echinoderm OPhiura sarsii is found 
in 22% and is the dominant species, followed by one species of polychaetous 
' amnelid in 17%, an ’echinoid Echinocardium in 1496, and a pelecypod Pecten 
yessoensis ivS in 0, 7%, bein^j the twelfth rank in composition. Although this 
ground occupies the coastal parts of the bay, it is more extensive in the east 
than in the western part of the bay. The substratum consists of mud with 
coarse sand and gravels. 

Conclusively there Jire foui’ benthic communities in Mutsu Bay; a complex 
Scaphopoda-Polychaeta-Amphipoda community at the mouth of the bay, a simple 
Scaphopoda community in the central region of Aomori Bay, a simple Polychaeta 
commimity in the east half and also in the innermost of Aomori Bay, and a 
complex Ophiura-Polychaeta-Echinocardiiun community of the coast region. 

NUMERICAL AND GRAVIMETRIC POPULATION 

Of the whole bay, the numerical and gravimetric population is 330 per square 
meter and 175. 1 g. per square meter respectively in the spring and in the summer 
of 1947 (Table I). In the same season of 1948, 368 and 113. 8 g. per square meter 
respectively. The value obtained at each station, however, fluctuates considerably. 


Table I. Numerical and gravimetric productivities of benthos 
in 1947 in Mutsu Bay 


Including animaln with hanl .Khell 

I K.KClnding nnimalH 

w itfi hard Hhell 

NumU’r of i 

VVeiglit in 

Nnmlxir of 

Weight in 

aiiirnalH 

irrainw 

' jiuinialH i 

graniH 

per H<j. in. 

per in. 

1 per Hip in. 

t*er HI], m. 


Bay aw a whole 

.130. 0 

j 17^.1 

126.7 

Gmund 1 

2J7. 0 

l}^.2 ' 74.fi 

45.3 * 

(fri>und 11 

427. 2 

1 60.7 238.9 

66.3 

(/round III 

466. 4 

236.3 i 4^.2. C 

235.0 

Ground IV^ 

198.0 

279.0 ‘ 132.0 

168. 1 


Pig* 2, a. Map showing the 24 nampItMl ami the area of the four benthic oommunilieH 

divided by moann of applying the correlation method. 

b. Map showing i«<ihaJine curvew of bottom layer imlicated by mean value rtbtained in May 
to Auguat in 1947 and 1948, 
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This shows that the benthic animals do not distribute uniformly in the bay, arid 
differ in the four grounds and even in the same grounds. The fact that the 
value obtained in both years is apparently equal seems to indicate the stability 
of population density in the whole and even in each community. 

It is noteworthy in the fourth community i Table I) that tlie gravimetric p«* 0 ' 
ductivity reaches a high value notwithstanding the minimum value in the numer- 
ical population. Although the numerical population density comes to the medium 
in omparison with that of other bays Mhadi, 1940a, etc.), the gravimetric 
population is remarkably great, according mostly to the results obtained in the 
third and fourth grounds, especially in the latter. 

GENERAL CONSIDERATIONS 

It ivS one of the characteristics of the benthic communities of Mutsu Bay that 
the composition of polychaetous annelids reaches more than half of the total 
composition, and therefore, judging from the previous papers (Mivadi, 1940a, etc.), 
this bay ’seems to be an oligotrophic one. Although the composition of the 
benthos collected in the bay are different in each station, the already mentioned 
dominant animals in each of the four communities may be taken as an indicator 
of the oligotrophic bay ; the view is supported by the results obtained in many 
Japanese bays (MivAnr, 1940a, etc.). 

On the other hand, the gravimetric population of Mutsu Bay is greater than 
the usual oligotrophic Japanese bays, and is rather comparable to that of many 
north European coasts (Pftkrskn & Bo\skn Jknskn, 1911; pKn.kSKN, 1918; Si‘a.R( k, 
1929, ’35). and also of the Japanese eutrophic bays as Nanao Bay, Tokyo Bay, 
Kasaoka Bay, and Matsunaga Bay. This fact seems to be characterized by the 
area of the third and fourth communities of the bay. As was reported by many 
authors concerning the benthos and plankton in coasts and lakes (Idki.son, 1934; 
Sparck, 1935; Miyadi, 1932a, etc.; KoKruo, 1940), the fact that the large weight 
shown in Mutsu Bay seems to be one character of the bay in high latitude. 

There are many reports on the factors controlling the productivity in the bay 
and the configuration of benthic communities (Bktu h, 1927, etc.; Casper, 1923; 
Drew, 1906; Kinoshita ct al, 1944a, etc.; Miyadi, 1944; Nishioka & Yamamoto, 1943: 
Shklfokd, 1916, 1925). It is, however, very interesting that the distribution of 
salinity of the bottom layer, which is represented by the mean value obtained six 
times in 1947 and ’48, agrees well with the configuration of the benthic communi- 
ties of the bay. 

It is known that the accumulation of effect of environmental conditions, such 
as the mixture of oceanic and coast waters, is indicated by salinity. Thus it is 
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naturally expected as above mentioned that the benthic configuration depends 
upon the salinity of the bottom layer. 

Finally I wish to express my thanks to Prof. I>r. M. Kajo for his valuable 
advice and criticisms, and t(i Mr. T. Hx.naoka, the Director of the Fisheries Insti- 
tute in tlie Inland Se^a for hi.^ encouragement. Further I wish to acknowledge 
my obligation to Dr. K. H\'iai, Mr. K. Oiamv, and Mr. S. Mcrakavii for the identi- 
fication of anirna,ls, and to Mr. T. Ein for his kind assistance in field work. 
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BOTANICAL STUDIES OF BOG LAKES IN A VOLCANIC REGION 
WITH SPECIAL REFERENCE TO LACUSTRINE PACTERIA^^ 
PART TV. DISCUSSION 


Tadao Jim bo 

I'iiofotjiral 'J'o/ioK'u Imivci'aityy 


In my previous pai:>ervS of this series (Jim ho, 1949. 1950 I have described what 
I have seen from different im^les vvitii regard to Naga-Numo, an exceedingly 
interesting bog lake lying in the volcanic region of Mt. Hakkoda. A great 
many things that we have learnt therefrom may convey an idea of what bog 
lakes in our country are like. Among them I have to sti*ess above all the de- 
velopment of a bog round a water basin It'd by an acid seepage and the consequent 
dystrophi cation of the basin itself, which acid, sulphuric acid in this case, is, in 
all probability, linked with the volcanic action. That is to say, lakes of that 
sort owe their acidity not merely to the organic acid of the humus materials but 
also to the mineral acid (originally present in the seepage. I think I am justified 
in saying that bog lakes of such an origin closely connected with the volcanic 
actiem occur very commonly, if not invariably, elsewh(ire in our country studded 
with a vast number of volcanoes. 

I would like now to add some exiR^ri mental results and discuss ce^rtain issues 
of importance. Eschewing to rei:)eat discussion to any great extent as to what 
have been dealt with at some^ length in the first two parts of the present series 
of papers, let us tium now to the microbiological aspects of this bog lake. 

At the outset of this series of articles 1 alluded to the status of the lake 
bacteriology with which we are now faced. It is a pity that there are no available 
data with regard to the microbial world in the lakes of Japan in advance of minCr 
except for the brief bacterial counts made of Takasuka-Numa (Sicawaka, 1935) 
and Suwa-Ko (Hocjetsi , 1948), both classed in the category of eutrophic lakes. As 
a consequence, we are almost unable to compare the findings of my own regard- 
ing this "me with others. All the same, brief mention will be made of certain 
points of great importance emerging from a general survey of the mass of foreign 
pap)ers, which, in part, are undoubtedly also true of this lake or have a con^ 
siderable bearing on it. 

1) (Ji)ntribuli<)ii from the Mt. IlakkcdB fkaanicui liftborotor}. No. 35. 

4S8 



STUDIKS OF H(Ki LAKK8, IV 


489 


Apart from the lag of research in our country, counts have been made of the 
bacterial populations of some lakes principally in the United States and Europe. 
The trends of the horizontal and vertical distributions of bacteria as well as 
the seasonal changes in these respects in the course of years were pursued. On 
the other hand, the presence of particular groups of bacteria was confirmed. 
A good many subjects have l>een touched, but, so far, I have come across none 
of these which have ever been dealt with deeply or exhaustively. It is not my 
intention to deal with all these points any further. For the broad outline of our 
present knowledge of lake bacteria the reader is referred to Hknrici (1939), who 
has also traced the historical aspects and cited a body of articles concerned. 

Autochthonous Lacustrine Bacteria. Whether these are specific bacteria com 
fined to the lacustrine habitat is to be rcinked among the most fundamental 
questions of the lake bacteriology. As yet these problems remain unsolved. 
To day, however, most of workers incline to Ix'lieve the presence of a body of 
autochthonous bacteria characteristic of waters, apart from spirilla, and iron 
and sulj^hur bacteria akin to some extent to algae Thus, Snow and Fkkd (1926) 
and III N Kid (1939) pointed out some facts which suggest the presence of autoch- 
thonous bacteria thriving at relatively low temj^eratures. 

A lake receives all the time an enormous number of bacteria from the air 
as well as from inlets and surface drainage. vXs to what becomes of these 
bacteria in the long run, there remains the question Are these allochthonous 
bacteria able to maintain themselves therein. <n* sooner or later to die away 
without adding to the bacterial flora oi the lake? In this connection, the follow- 
ing experiments were conducted to test for the presence of any substance in the 
water of Naga-Numa which exerts an inhibitory effect on the growth of common 
soil bacteria and fungi. I compared two series of cultures of soil bacteria and 
fungi, one with media made up of the ordinary water and the other with those 
containing a decoction of the bottom mud of Naga Numa instead of the common 
water. The mud extract was neutralized prior to the use. Soil from a fertile 
field was plated out on the sodium*caseinate agar and Waksman's acid medium 
with and without the mud extract. After an appropriate period of incubation 
any difference could hardly be discernible between the two series of plates with 
both qualitative and quantitative respects. Moreover, the same was true t>f en- 
richment cultures of Azotobacter , Clostridium, nitrifying bacteria and cellulose- 
decomposing organisms in the soil sample. It will be seen from this fact that, 
as far as thermostable constituents are concerned, the water of this dystrophic 
lake does not contain something detrimental to the soil microorganisms. The 
sea water, on the other hand, is known to inhibit. the growth of most nonmarine 
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bacteria. Lately Rosenfkld and ZoBkll (1947) noticed the production of antibiotic 
substances by some of marine bacteria and ventured to that the bacteri- 

cidal property of sea water is due largely to the content of antibiotics of that 
sort, neither the salinity nor the high osmotic value alone being capable of ac- 
counting for it. 

Occurrence of Physiological Groups of Bacteria. As for several physiological 
groups of bacteria playing a vital role in the cycles of essential elements, many 
attempts have been made by earlier workers to obtain selective cultures. So far 
as I can make out, however, they are confined to eu- and oligr)trophic lakes, 
containing no references to dystrophic ones. Denitrifying bacteria, whose presence 
both in the water and in the lx)ttom mud of Naga-Niima was proved, are proba- 
bly widespread in a variety of lakCvS of every tyj^e {tide Ki kin and Si kim h, 1929; 
Allgeiek, PnFRSoK, JcDAV and BiRor, 1932 ; Gkaii.vm and Yoi n«., 1934 ; Ki’snft/oa\ , 1934j. 

Bacterial Number, Whilst plate counts have been made of bacteria in the 
water of a number of lakes in America and Europe, there is no record concern- 
ing dystrophic lakes. Apart from the strikingly high values of two eutrophic 
lakes in our country mentioned above—from 175 to 43,5(X) of bacteria piu* c.c. of 
the water of T<ikasuka-Numa and as many as from thousands to hundred millions 
of bacteria in Suwa-Ko, the bacterial number determined repeatedly in Lake 
Mendota, an eutrophic lake hitherto investigated at greater length from different 
angles, ranges between 25 iind 40, 000— for the most part from 100 to 3,000 (Frfd, 
Wilson and Davknkiri , 1924; Snow and Frfd, 1926; Domoc.akka, F'ki d and Pftfk^on, 
1926). In the oligotrophic Flathead Lake the bacterial population is one-tenth as 
many as in Lake Mendota (Gkmiam and Yocni., 1934;. The records in Grosser 
Ploner See (Bail, 1903), Balatonsee Zni, 1929\ Limzer Seen (Zm, 1932) and Rotsee 
(EKjeggeli, 1934) are all within these ranges. The value of Naga-Numa (close to 
1,000' is admittedly higher than those of the oligotrophic lakes and is compara- 
ble with the medium value of the eutrophic ones. 

As to the plate counts of the bottom mud, Hknkk i and Mi Co'i fl938) who 
worked with Lake Alexander (Minnesota), Lake Mendota and other Wisconsin lakes 
recorded from thousands to hundred millions — usually from ten thousands to 
millions— of bacteria per c.c. of the surface layer of mud. On the whole, the more 
productive the lake, the higher is the bacterial content of the mud. Dystrophic 
lakes outside the series of eu- and oligotrophic lakes are comparatively rich in 
bacteria. Thus the surface muds of Helmet Lake and Mary Lake contain from 
^,000 to 270,000 and from 68,000 to 101,000 bacteria per c.c. respectively. In 
Europe, on the other hand, were counted from 1,000 to 2,500 bacteria per c.c. 
both in Balatonsee and in Lunzer Seen (Zih, 1929, 1922) and about 1,000,000 in 
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Rot»ae (Diik(;gkm, 1936 . The above figirres of two dystrophic lakes in Wisconsin 
are thought to be more or less comparable with that of Naga-Numa, when as- 
suming the water content of the muds to be little short of 90 per cent. 

Benthic Bacteria and their Environment. As has already been emphasized, 
the bottom mud of Naga Numa is practically free from chromogenic bacteria 
which are plentiful in the water. But according to Allgmfk, Pftf.k.son. Juday 
and (1932;. as much as JO per cent, of the total number of bacteria are 

pigmented — mostly yellow — in the mud of Lake Mendota that is eutrophic. Hfnrici 
and M< Co\ (193S) contirrmd this and found that the proportion of pigmented 
bacteria falls off with the depth from 17 per cent, at the mud surface to 10 per 
cent, at a depth of 18 cm., below which there is a marked reduction. The latter 
at thors slated, however, that the muds of dystrophic lakes are strikingly poor 
in chromogenic bacteria. Altliough oxygen disappears from the bottom water 
or Lake Mendota only temyKrrarily during the summer stagnation period, its 
bottom ought to be provided with oxygen to some extent. Whether the proixrr" 
tion of chromogenic bacteria in the bottom mud reflects clearly the environmen- 
tal conditions in the bottom remains to see. 

1 would like to note here that, although the bacterial counts taken in Naga- 
Numa may contain an insignificant number o{ actinomycetes which were hardly 
discernible in the plates, the actinomycetes are altogether excluded from the 
numbt^r of pigmented bacteria hitherto givtn. 

It is worth while to quote in connection with the faculty for absorbing 
oxygen of the dy the work of Miyadi 1934;, who worked with the bottom deposits 
of a number of Japanese lakes ranked among eutrophic and oligotrophic lakes of 
every kind. While, as a rule, the higher the degree of eutrophication the more 
is absorbed oxygen, a notable exception to it is Lake Suigetsu, which is charac- 
terized by the jiermanently stagnant hypolimnion (consequently free from oxygen 
mid containing hydrogen sulphide i, epiiimnion being markedly eutrophic {vide also 
JiM.o, 1938). The black mud on its bottom can absorb only a very small amount 
of oxygen. This is likely to lie due to the absence of aerobes very largely re- 
sponsible for the oxygen absorption. This fact seems in support of the view put 
forward by Lofnnkriu ad (193); that the oxygen absorption by gyttja is to be re- 
garded as dependent mainly upon the microbial activity unlike that by dy brought 
about chemically for the most part. 

I would like to add to what has been mentioned in regard to the benthic 
fauna inhabiting Naga-Nurna, that Chaoborus Uirvae are also found beside the 
Chirmomus larvae already referred to in the preceding papers. 

Fungus Population. It has already been mentioned in a preceding paper that 
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the fungus population of the bottom mud of Naga-Numa is strikingly distinctive* 
characterized by the predominance of two particular species and the paucity of 
the other species, whereas the ix)ol water and the air over the pool contain much 
the same fungus flora relatively rich in species without one or more particular 
fungi being dominant. In this connection I will describe shortly the similar 
results obtained recently in regard to the fungus population of Lake Biwa, which 
will be detailed elsewhere. 

On a recent visit to the Otsu Hydrobiological Station I was enabled by courte- 
sy of the Director l>r M. Ukno to carry out a brief survey of the fungus flora 
of the lake. In the middle of September of 1949 the surface water and the 
superficial layer of the bottom deposit were taken at a station over 1 km. oft the 
Station and some 4 m. deep and plated out on Waksman’s acid medium. Further- 
more a batch of sterile plates filled with this medium were exposed to the 
atmosphere on the lake when sampling. 5 fungi i>er c.c. of the water and some 
170 per gram of the fresh mud were counted. For certain this oligotrophic lake 
is a little less heavily polluUd by fungi than the dystrophic one on Mt.Hakkoda. 
Thougli the Mortierella characteristic of the mud of the latter is lacking, a 
blue-green species of Penicillium and a species of Trichoderma. instead of the 
Mortierella, are predominating in the mud of Lake Biwa as well, each of which 
represents at times even about one in three of all the fungus colonies developed 
The fungus flora of the mud is also distinct from those of the water and the 
overlying air just as in the case of Naga-Numa. It is worth noting that, while 
the dominant forms in the mud of Naga-Numa are a mortierella and a penicil- 
lium, those of Lake Biwa are a trichoderm4 and a penicillium. The quevStion 
arises as to whether the species of the main benthic fungi are largely dependent 
on the lake type and, in consequence, may be regarded as an index of the pro- 
ductivity. It remains to be a theme of future study. 
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INTRODirCTION 

On high momitains with abundant snowfall, snow remains imtil late ssummer 
in the form of snow patches in valleys and depressions or on the leeward slojxi 
of the prevailing winter winds. As already stressed by Hwashi (1935), the plants 
thus covered with snow-patches are suddenly exposed \)v the rapid snow melt to 
the summer heat, and they are f(>rced to grow during a ^hort time. In places 
where snow-patches remain loo late to i>ermit development of rnmnial vegetation, 
there flourish peculiar plant ccnnmunities dominated by some alpine dwarf shrubs, 
grasses, herbs, mosses and liverworts, which are capable of surviving and es- 
tablishing themselves under such extreme conditions Most of these “ snow -patch 
Communities'', as they are calked, are considered to have been arrested in their 
normal development ui.) to the culminative stage, due mainly to the effect of the 
local abundance of snow accumulation, which is largely related to the physiogra- 
phy. From this point of view, they may be regarded as physiographic subclimaxes. 

Attention was (nilied to the plant communities characteristic of the snow- 
patch by a number of et;ologists, daring from W Nnr.rMUK(; scr Schkoi i k 1926, p. 
641), who first describtxl th(jse in the Alps. They have worked along this line 
in the AlpvS, Scandinavian and Scottish mountains, and the Rocky Mountains in 
the United States. BKf>rKM \N^-Jl:Kos. ji 1907;, Bk’acn-Bi.anot pt ;1913\ Bi< m \-Br.ANnuKr 
et al. (1932), Friks (1913:, Fkw 1922', S hhoif.k H926,, H xR.^aou kokk H929^ and 
Gjaerevoll (1950) have treated them from sociolgical viewpoints. Among papers 
dealing with autoecological problems of snow-patches, that by Romi«i. i. (1928) is 
notable. 

According to SrHKdr>R (1926 , the snow -patch communities ; Sr/? 
of the Alps are restricted to the slopes higher than the middle part of the alpine 
zone (above 2500 m. in altitude at Puschlav;. On Mt. Hakkdda, however, they 
are seen even in the lower part of the subalpine zone (1000 m.j surrounded by a 
typical subalpine coniferous forest of Abietetum Mariesii. The characteristic 

)) Contribution from the Mt. Hakkr>da botanical J^alM^ratory. No. 
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snow-patch communities of this mountain are covered with snow presumably 
about one month longer than in the Alps, For example, Brain-Blanoi ki et al. 
(1932) describes that Salicetum herbaceae, a typical snow-patch association in the 
Alps which occupies the outer part of the snow-patches, requires an exposure of 
to 4 months for its growth, while Polytriehetum. a common moss community 
in the inner parts of the European snow-patches, flourishes in places of less than 
three months’ exposure. On Mt. Hakk6da, as describe<l herein, the typical snow- 
patch communities are restricttxl to places which are exposed for less than three 
months, and the moss commimity Kiaeria falcata sociation) to place,s with only 
1/2 to 1 moiith's exi)osure. 'Fhese differences may possibly be dependent upon 
the fact that, on this mountain, snow lies more deeply and snow-patche,s last 
longer than in tlu' Alps at the same zone of vertical distribution of plant 
communities. 

Little is known in Japan of the relationships between snow and vegetation, 
except for some notes by Prof. Yosmi and oUiers. Thus. Hayashi (1935) worked 
on the development of snow patch plants on Mt. Hakkoda in the course of thaw- 
ing affected by the striking changes in air and soil temperatiu'es and light 
intensity Yosmi (1948, 1949 pointed out the marked effect of snow on vegetation, 
especially on the Tiotable deformation of trees at high altitudes. 

The present paper gives the results of my syne<*ological observations made 
on Mt. Hakkoda during my stay in the Mt. Makkcda Botanical Laboratory in 
two corusecutive summers of 1948 and 1949. 

TOPOdKAPHY IN RELATION TO SNOW ACCUMULATiON 

Mt. Hakkoda 1585 m, above sea-level, 4(f 35' N. ) is locaUxl at the northern 
part of Honshu and during winter it is usually covered with four to live metres 
of snow. The thickness of the snow cover varies considerably according to both 
topography imd direction of prevailing winds. In North Japan strong west or 
north-west winds prevail during the winter months, as is the case with the eastern 
coast of North America. As a consc'quence, on this mountain, the snow is deejD 
particularly on the lee slopes facing the east and south-ea.st. The leeward slopes 
of the peaks of Mt. Hakkdda are almost completely covered with snow till early 
Jime, whereas the other slopes are then only sporadically spotted with snow. 
Towards the teginning of July, the snow-patches are already confined to the 
former slopes. Some of the snow-patches remain till the middle of September, 
and in years of heavy snowfall, they persist evenimtil early October when snow 
falls anew. Thus, the lee slope may, in part, be bare of snow for four months 
or thercsabout, i. e. from early June onwards, whilst the interval between the 
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disappearance of the last snow-patch and the new snowfall is generally only 
half a month. On the other slopes, it is likely that a considerable area is un- 
covered for no less than four months. The longer the length of time for which 
snow lies the more marked is the effect upon the development of plant communi- 
ties after snow has melted, and, in reality, prominent snow patch communities 
are noticed where the ground is snow free for less than three months. The 
enormous accumulation of snow on the leeward slope which is responsible for 
the snow-patches remaining until late summer may possibly be due to the 
circumstance that the adjoining windward slope is gentle enough to hold the 
fallen snow that will be subsequently drifted upon the lee slope, and that the 
latter slope itself has a sufficient inclination to be sheltered from the wind. 

EFFECTS OF SNOW ON THE FOREST LIMIT AND 
ON THE ALPINE SHRUB COMMUNITIES 
The effect of remaining snow is prominently displayed in the altitude of the 
forest limit and the composition of the alpine shrub communities above it. "1 he 



Fiitf. f. Ve^'^tation map of Oclake, the highest peak nf Mt. Hakk6d». 
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forest limit of Mt. Hakkoda is at the upper limit of Abietetum Mariesii, a* sub- 
alpine coniferoxis forest, which is adjoined above by alpine shrub communities. 
That of Odake, the highest of several peaks of Mt. Hakk6da, lies on the leeward 
slope rich in snow some 200 m. lower than on the other slopes, due, in all pro- 
bability, to the limited growth of Abies Mariesii owing to the late snow melt 
^Table I, Figs. 1 and 2;. 

Table I. The altitude (m. above sea-leveb^ of the forest limit on 


Odake in different exposures 
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The alpine shrub communities of this mountain fall into three types, that is 
to say, two of dwarf pines — Pinetum pujmilae and Finns puniila-Empetrum 
ni^um var. japonicion community — and a peculiar deciduous one, which consists 
of Salix Reinii. Alnus Maximowiczii, Acer Tschonoskii, etc. associated with a 
vigorous undergrowth of Sasa kiuilcnsis. It is interesting to note that this alpine 
deciduous shrub community is confined to the lee slope where snow lies late, 
whereas the first two are distributed on the other slopes (Figs. 1 and 2). 


A/ £ S W N 



Pig". 2. Di.Mtiibutiou <>t ulpino nlirub cummunitieH on Odake, 
in legnird to the expoHim* and altitude. 

Brawn-Bi anqui/t et al (1982) has already dealt with the effects of snow lie on 
the distribution of ordinary alpine shrub and grassland communities in the Alps 
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beside its effects on that of the characteristic snow -patch ones. 

Yoshioka (1948) noticed also the community of tall growing herbs on the snow- 
rich leeward slope in this mountain, as Bi<ArN-BcAN(.n kt et at. did in the Alps. 
It is mainly composed of Cacalia adenostyloides, Cacalia kamtschatica, Artemisia 
tnonophylla, Veratrum stamineurn var. glabrum, Cirsium oli^phyllum, Cirsium 
nipponicum, Veratrum japonicum var. Reymondianum. etc. 

Where snow remains so late that the aforementioned deciduous shrubs or tall 
growing herbs fail to develop, characteristic snow-patch communities do occur. 

soil. CONDITIONS OF SNOW PATCHES 

As has been stressed by Bko( k.mann-Ji.koscui T907), a vast quantity of water is 
supplied to the soil from the thawing snow patch, and, when free' from snow, 
the valleys and depressions where snow-patches lie receive undoubtedly abundant 
rain water. The excessively moist conditions of the soil together with the low 
soil temperature due to snow tends to prevent the decomposition of plant remains, 
and, as a result of this, soil becomes acid and ptiaty, as Luf)] 'see Scffkori K 1926, 
p. 646) has already pointed out. Thus a gentle slope of defective drainage, in 
particular, is covered with a black peaty soil less than 20 cm. in depth (Soil-type 
1). On the other hand, a steeper slope (jf good drainage is characterized by raw 
humus or loam rich in humus (Soil-type 2). At the very centre of a snow-patch, 
where snow remains until early autumn, plant remains do not accumulate and 
soil consists largely of fine sand which, according to Ki knkk S iikoi kk 1926, 
p. 641), has presumably been air borne to incorporate into snow (Soil-type 3). On 
a heap of debris at the foot of a cliff — “scree ’ — as is seen in the old crater of 

A 

Odake, soil is brown loam admixed with gravels (Soil-type 4). The features of 
these four types* of soil are shown in Table II. 


Table II. Types of soil of snow patches 
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As will be stated later, the type of soil of snow-patches is closely linked 
with the composition of the plant communities thereon supported. 
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FLORTSTIC COMPOSITION OF SNOW-PATCH COMMUNITIES 

Of the seventy-five species of plants found in the area of snow -patches, two 
mosses and a liverwort are confined to this liabitat, namely, Kiaeria falcata, 
Placet hecium Roes^eanum and Morckia nivalis. Furthermore, there are several 
plants whose main habitat is the snow patch soil, i.e. Primula nipponica, J^hyllo- 
{lore aleiitica, Agrnstis flaccida. Epilohium Dielsii, Sieversia pentapetala, Cirex 
blepharicarpa, Toficldia Okuboi , Arnica iinalaschensis var. Tschanoskyi, Fnuria 
Crista gain, Peuce.danum multivittatum a,nd Gcntiana nipp(mica. 

To compare the floristic compovsition of snow-patch communities with that of 
other formations on this mountain, Jaccakd's coefficient of floral community 
iGcnieinsckaftskoeffizient , sec J vccari> 1932) is to be taken into account. As is seen 
in Table III, by far the highest coefficient is between these and the peat bog 
formation, due no doubt to the high water content of both the soils. The alpine 


Table Ilf. The coefficient of tloral community between snow-patch 
communities and other formations on Mt. Hakkoda 


< Mlii'r 

t") jiiiiiiMi)'.. 

( ^ >(‘llic)ent. of fjorul 
coniniuuity 

No. of conuni)n8peck^/ 
j No. of totHl apeci(*s 

Ik'ruluoiiN 

] 

FaL’Vtuiii ci-euatiK' 

1 

i 

lO/lol 

♦SubHlpino Coil) h'r< 
forosi 

\, hint elm n MMi ie,sii 

1^. ^ 

24/123 

A Ipijn* C' >in hM . 
^JhrnbbcI y 

j i\7iUA ijujnif.a.-Pmjx't rufu \ 
1 tiiffnnn var. •japonif'uui 
roniiiinnily ' 

:'3.o 

j 20/ 87 

'Die HHiiu* 

Pinetuni pnini|ja‘ ' 

2v3. 3 

27/120 

Alpine dccidii' 
Hliriibbtiry 


1 

4 1 

32/126 

Pent bo" 

1 

1 

29, 3 

31/103 


deciduous shrub community, too, which, as mentioned above, occupies the leeward 
slope rich in snow, shows a high value. Lower values are seen in two other 
alpine shrub communities flourishing on the windward slope where snow melts 
early. The forest doors of Fagetum crenatae, in particular, and Abietetum 
Mariesii, to a less extent, both composed chiefly of shade plants, have few species 
in common with the snow-patch c:ommunties. 

The life-forms after Raunkiakr of the snow-patch plants are listed in Table 
IV. It is there seen that most of the species belong to the hemicryptophytes. 
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Table IV. Life-forms of snow-patch plants 
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SOCIATIONS IN THE SNOW PATCH COMMUNITIES 

Thirteen sociations can be distingjuished in the vegetation of snow patches. 
One is dominated by a moss, one by a fern, two by dwarf shrubs and the other 
seven by grassas or herbs. In addition, two sociations dominated by shrubs are 
noticed on the border of snow-patches. The distribution of each vSociation is 
closely bound up with the length of snow-free period — say the ‘ growing period" 
— and the soil type. 

(A) Communities dominated by Mosses. ;]) Kiacria falcata sociation ; — This 
develops at the centre of snow-patches, \whoTe snow lies late and the growing 
period is as short as from 1/2 to 1 month, even none when snow remains luitil 
the next first snowfall. 

The moss Kiacria falcata is dominant in open places. Hut particularly in the 
crevices of rocks or in other moist shaded habitats, there also grow another moss 
Plagiothecium Rocseanum and a liverwort Morckia nivalis. Among higher plants 
Agrosiis flaccida ^abundant.) and Epilobium Dielsii (occasional) are characteristic 
of this sociation. Primula nipponica and Pauria Crista-^dli are also foimd fre- 
quently. The soil is of type 3 and of pH 4.8 to 5.3. In spite of being situattKl in 
the course of thawing water, drainage is fairly good owing to its sandy texture. 

That, as a rule, similar plant communities dominated by mosse.s or liver- 
worts, namely, Polytrichetum sexangulare, P. norvegici, Anthelietum, etc., occur 
at the centre of snow-patches was also brought out by Hkoc kmann-Jkrosi n (.1907^ 
and Bkaun-Blanocct ei al. T932) in the Aljis, by Watson (1925) in the Scottish 
mountains, and by Fkirs (1913j and Gj AKKrvoi.i. (1950' in the Scandinavian mountains. 

(B) Communities dominated by Grasses, Herbs or Dwarf Shrubs. The vast 
majority of snow-patch communities fall in this category. 

(1) Phyllodoce aleutica sociation: — This sociation dominated by the dwarf 
shrub occurs in the inner part of some snow-patches surrounding the Kiacria 
falcata sociation mentioned above. Tilingfa ajanensis, Carex blepharicarpa, Peu- 
cedanum muliivittatum, Gentiana nipponica and Tofieldia Okuboi show high fre- 
quencies of more than 80 per cent in more than five quadrates of 2x2 m. in size 
The growing period ranges from 1 to 2 months. The soil i# of type 2 and oi 
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pH 4.6 to 5.2. The surface soil is as thin as less than 10 cm., so that drainage 
is remarkable. 

(2) Sieversia pentapetala-Carex blepharicarPa sociation . — This grows at the 
periphery of some snow -patches lying not so late, the growing period is from 2 
to 3 months. The dwarf shrub Sieversia pentapetala and Car ex blepharicarPa 
are CO dominant. Three typical snow patch plants, i.e. Peucedanum muliivittatnm, 
Schizocodon soldanelloides and Gentiana nipponica, occur with high frequency values 
of more than 80 per cent. Some plants whose chief habitat is outside the snow^ 
patch such as Finns pumila and Diplycosia adenothrix, mingle among them. The 
soil is of type 2 and of pH 4.6 to 4.7. Since the surface soil is less than 15 cm. 
m depth, drainage is relatively good. 

(3) /Simula nipponica sociation : — At the centre of some snow-patches with 
defective drainage, there thrives an open community of l^imula nipponica. Fauria 
Crista- ffalli and Tilin^ia ajanensis have high frequency values of more than 80 
per cent. Here the growing period is from 1 to 2 months. The soil is a peaty 
one of type 1 and the dei:)th of surface soil measures from 15 to 20 cm., th^ pH 
falling within the range 4.6 to 4.9. 

(4; Car ex blepharicarPa sociation —This, dominated by Car ex blephar icar pa, 
flourishes close to the periphery of snow-patches with poor drainage, surrounding, 
as a rule, the ahx^ve mentioned Primida nipponica sociation. Many snow-patch 
plants, such as I^imula nipponica, Fatiria Crista-galli, Gentiam nipponica and 
Peticedanum mult ivit latum , show high frequency values of about 80 per cent. 
The growing period ranges from 1. 5 to 2. 5 months. The peaty sui'fa,ce soil of 
tyiie 1 is about 20 cm. deep and has a pH of 4. 8. 

(5; Calamagrosiis Langsdor/ti-Carex blepharicarPa sociation At the margin 
of some snow-patches, usually surrounding the above mentioned Car ex blephar i- 
carpa sociation, is noticed a community, whose composition is nearly the same 
as the former except for the co-dominance of Calamagrostis Langsdorfii. Plants 
usually found outside the snow-patch, let us say, Pedicularis yezoensis and Hosta 
longissima var. brevifolia develop prominently here. Next to this, outside the 
snow-patch, grow shrub commimities. Here the growing period ranges from 2 
to 3 months. The soil is of type 1, pH being 4.7 to 4.8. 

(6) Arnica unalaschensis var. Tschonoskyi sociation : — This is found in the 

A 

old crater of Odake on a dry scree fallen from the cliff, the growing period is 
L5 to 2 months. This is a pioneer community established pai^ticularly under 
the influence of snow-patches, and dominated by Arnica unalaschensis var. Tscho- 
nesf^. The soil is of type 4 and of plf 4. 9 to 5. 6. 

(7) Calamagrosiis LangsdorfH Salix Reinii sociation .—This surrounds the 
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afor^nentioned Arnica unalaschensis var. Tschonoshyi sociation. Calamagrostis 
Lan/^dorfii and Salix Reinii are co-domiiiant. This is a serai sociation (socies) 
succeeding the pioneer Arnica unalscJiensis var. Tschonoshyi sociation. Here the 
growing period is from 2 to 3 months, and the soil is of type 2 and of pH 4.6 
to 4, 9. 

(8) Schizocjdon soldanelloides Tilin^ur ajane nsis sociation — This thrives in a 
depression on the north east slope of Odake, where the growing period is from 
2 to 3 months and the soil of type 2 with a pH t)f 4.6. Beside Schizocodon 
soldanelloides and Tilin^a ajanensis, some other snow^-patch plants, too, are 
abundant, showing a complex, composition. Is is presumed to be a serai one. 

(9.) Fauria Crista galli Car ex sociation — This distributes in the lower 

part of the subalpiiie zone 10(K) m. in height., in contrast with the other socia- 
tions which are all situated in the middle or upper part of it or even in the 
alpine zone The soil is of type 2 and of pH 4.5 to 5.0. Fauria Crista-guLU 
and Car ex geantha are co-dominant. There also tloiirish Lycopus par vif torus, San- 
guisorba tenuifolia var. alba and othens, which are characteristic of peat bogs at 
this altitude, 

(Q Communities dominated by P^erns. ;1) Tlielypteris quelpaertensis socia- 
tion — This one. which is dominated by Thelypieris quelpaertensis, may be seen 
in the course of thawing water or at the periphery of snow patches. The soil is 
of type 2 and of pH 4.9 to 5.0. 

Communities dominated by Shrubs. These are foimd on the very bounda- 
ry of snow-patches and have diffcn*ent composition from those outside the snow- 
patch. The following two sociations may lx; distinguished. lx)th co-dominated by 
Botryostegc bract eat a. 

(1) Vacdnium axillare- Botryostegc bracteata sociation — This is supported by 
thin soil of type 2 and of pH 4.6 to 4.7. Vacciniiim axillare and Botryostegc 
bracteata are co-dominant. 

{2} Sasa kurilensis-Botryostegj bracteata sociation* — Fhis one develops on 
thick and rather wet soil of type 2 and of pH 4.5 to 4.6. Dwarf Sasa kurilensis 
is co-dominant with Botryostegc bracteata. 

Of the foregoing thirteen sociations, the first six numbered A1 and B1 to B6 
seem to be more or less stable, that is, to be regarded as subclimaxes, and, in 
reality, occupy the greater part of the snow-patch communities, whilst three 
others numbered B6, B7 and B8 are serai communities which are in process of 
succession having started from the bare land under the influence of snow-patchee, 
D1 and D2 are shrub communities that lie on the boundary of snow-patches, 
forming a treuisitional zone to the communities outside of them. 
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In Table V are given the number of species which fall in the five frequency 
classes. It is there seen that most of the species in the six stable sociations 
belong to the class of the highest frequency. It follows from this that they are 


Table V. The number of specie.s falling in five frequency classes 

in each sociation 



* 


Pre<jnency claHSCH 



S> )f'ia1 i< >ri 



— 


— 



\ 

1 

HI 

n 

I 

A1 : 

Kun'Vhi fiiaitti 

4 

2 

0 

0 

2 

i:i . 

iid'icr 'iltni.iiri Hociatioa 

7 

1 

2 


2 

\V2 : 

Sh'Vt’rHvi hJrph trir irp i s<>ciuti'>U 

12 

■> 

3 

4 

3 

\\2 ■ 

f'rhnuli nipfi^nvcL 


I 

I 

J 

1 

VA : 

^'<ir(x phif'tr trpi H'u;iatiou 


2, 

2 


1 

: 

(\lhtni lj‘t7igH(i )rfiU(-trrx hl^phirlrjtrp i B'»cinliou 


'■> 

3 

2 

I 

: 

Arnicd \'n\\ >skt/i Hociati'Ui 

c; 

S 

8 

5 

10 

. P>7 : 

(hlam igroffi In 

3 

4 

4 

7 

8 

H8 : 

ScJhIz'fcnd ni S'dd/inclIoidt'S-TlI in§'yi aj irunnls 8')ciatj<)ii 

6 


4 

2 

6 

P> 7 : 

bhw'ia (lrlnia~g dl l~(2irrx gfutnth i Hociatioii 

4 

' ] 

I 

4 

9 

(>1 : 

I'hidypi/’ris giUil}>at‘rt('riHin sociation 

2 

1 

1 

5 

8 

DI : 

Wircinl avi axiH^ire-Jhtryitntcge bract H<»ciatioii 

6 

7 

7 

2 

9 

1)2 : 

S'lHa kui'i/cniiis-Iiotryonfcgc Uracieata H<>ciatioi\ 

6 

3 

3 

5 

1 ^ 


of homogeneous construction. On the contrary, the other sociations including the 
serai ones are considered to be of heterogeneous composition, since most of their 
species fall in the low frequency classes. 


ZONAL ARRANGEMENT OF TIIE SNOW-PATCH COMMUNITIES 

Snow-patch communities show clear zonation from the innermost part to the 
periphery according to the length of the growing period, viz. the snow-free period, 
which is a fact observed also by many workers. The central i>art of a snow- 
patch, where snow melts latest, is occupied by plants which are most adapted 
to a short growing period, that is, by a community dominated by a moss (Kiaeria 
falcata sociation) or an open community of herbs {Primula nipponica sociation). 
On passing to the periphery, there occur closed herbaceous communities or those 
of dwarf shrubs, and finally a shrubbery on the border of the snow-patch. 
Table VI are seen two representative types of zonation, which have developed on 
different types of soil. 

The average number of species (specific density) counted in quadrates of 
2x2m. in each sociation are given in Table VII. In every case except two shrub 
sociations where quadrates of 5x5m. were taken, this size of quadrates exceeds 
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the minimal area. So the values as are seen in the table show the degree of 
complexity in the specific composition of these sociations. From comparison of 

Table VI. Two respresentative type of zonation in the snow-patches 


J^eiigth <jf BJiow- 
free pon<j<l 

Nil 


to 


3 montlxs 


CdiioiuuiitieH 

Herboceons or dwarf-Hijrub coiiumiiiitiOH 

Slirub coninninitiert 

S<)il-typ^\s 

n aiui m 

Kinryia 

fiilciifa 

H< tciatioii 

( W') 

JViyllodoce aleutico 

Hociati«)ii 

CHJ ) 

tneversia nyenlajy^’ 
tala-Care.t bleplui- 
rimT'jyt Hociatiou j 
in2^ 

Vacriaium axillare- 
Iloiryo^lrge bracteafa 
flocirttion 
( 1)/) 

Soil- typo 

1 

1 

i*rimuhi 
nijypoiiicyt 
Hociatioii di.}/ 

( \Lrcx lilepha- 
ricarpa Hoci- 
tttion ( IH ) 

( ^ahi mag r os f lx 
lAingHdorfii- 
Cdvror blejihf- 
riairjyi aoci- 
Htion r ) 

Sjixa knrilt'osis- 
}i<)(rgoxfe.ge bracte- 
uta Hnciatioii (1)2) 


Table VI with Table Vll it will be obvious that a sociation situated at the centre 
of a snow-patch consists of few species and that the more remote the position 
of it.the greater the numlxrr of species. That is to say, the longer the uncovered 
period the more pronoimced the development of the community and the more 
complex is its floral composition. 


Table VII. Specific density of snow-patch sociations 



Sociiitioji 

Specific (leiL^jiy 

Al : 

Kiaeria faJmta. Hociatioii 

f-. ^ 

BJ : 

J^hyllodorc alnillm pociatioii 

13.0 

B2 : 

Smxrsia j>e-ntapeta!(i-C(ire:v blrpjftaricarjxx Hociation , 

)^.r> 

B3 : 

Primuht ni}y}> 0 )nrn Hociation 

o. 2 

B4 : 

Carer l)Jej>ha.ric(irj)a. Hociation I 

11.^ 

B5 : 

Calamagro»ti» Laugsdorfh-’Carex ble pJ air i Carina- yociation 

J4. S 

B6 : 

Ariiica unaia8<ii(’UHis var. TschonusK-yi wociatinii 

lo n 

B7 : 

Calaviagro^Hs LiingHdorfli-Salir Jie/nii Hociaiioii 

i_^.8 

B8 : 

Sch'izorodon xoidanelloldes-TUingin aj<iarnHtx Hnciatiii 

15.8 

B9 : 

Fauria Cri^fa-gaJl'i-ihtre i geanflai pociation 

v.c 

Cl : 

ThclypUn'ix (juclgMierteiiJiis Hociaiioji 

6 

PI : 

Vaaebdum a.i illare-Boiryoxtege br<ictcata Hociation 

J^. 1 

1)2 : 

Sasd hnriUnixis-Hotrynxiege hradeata nociation 



SUMMARY 

1. Plant communities developed after snow -patches have melted — “ snow-patch 
communities '—are, for the most part, to be regarded as physiographic sub- 
climaxes caused by a local abundance of snow accumulation which is closely 
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related to the physiography. 

2. On Mt. Hakk5da, snow>patches are confined to leeward slope facing the 
east or south-east, owing to the prevailing west or north-west winds in winter. 
This is considered to account for that the forest limit is some 200 m. lower on 
the leeward slope than on the windward, and for that the alpine shrub community 
above the forest limit are deciduous on the leeward slope in contrast with the 
coniferous ones on the other slopes. 

3. Characteristic snow-patch communities are found where the snow-free 
period is less than three months, so that even the deciduous shrubs mentioned 
above fail to develop. Sometimes snow remains till early autumn at the centre 
of a snow-patch, and, in years of heavy snowfall, even till the first snowfall to 
come. As to the altitude, they are distributed only on slopes higher than the 
lower part of the subalpine zone, that is, from 1000 m. above sea-level onwards, 

4. Beside the restriction in the growing period, abundance of water supply 
to the soil is an outstanding feature of a snow-patch. 

5. Soil of snow-patches falls into four types which are markedly related to 
the distribution of a variety of communities. 

6. Many of snow-patch plants are considered to flourish chiefly in the snow - 
patch, whilst two mosses and a liverwort are altogether confined to it. 

7. There are a number of species in snow -patch communities which are 
common with the alpine deciduous shrub community on the snow-rich slope and 
the peat-bog formation. Prei)onderance of hemicryptophytes is to be noted. 

8. In the snow -patch communities are distinguishtxl thirteen sociations, of 
which six are presumably stable, that is to say, to be rc^garded as subclimaxes, 
and other three serai. One is dominated by a moss, one by a fern, two by 
dwarf shrubs and the other seven comprising the serai ones are predominated 
by grasses or herbs. Moreover, two shrub sociations bound the snow -patch. 

9. A clear zonation is noticed in the snow-patch communities. The inner- 
most part is occupied by a moss community and the outer by the herbaceous, 
dwarf shrub and shrub communities. The floristic composition of the communi- 
ties become simpler as passing to the centre. 

In conclusion, the author wishes to express his hearty thanks to Prof. Dr. 
Y. Yoshii, under whose direction this study was carried out. 
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STUDIEN UBER DIE BILDI^NG 
ORGANISCHER SaUREN IN GRUNEN FFLANZEN 
III. UBER DAS VERHALTNIS ZWISCHEN DEM SAUREGEHAE I 
UNI) DEM N- L’ND C-IIMSA I Z VON BEGONIA 
EVANSIANA ANDR. ( I-ORTSE TZUNG) 

Von 

MaKNFN SllIBA'lA 

liiof.oipM'Jie IiiHtiixLi, 'J'fiJinkii dto NVor/</v, 

{ Mit 6 Tl'Xt tlL'Dl'IMl ) 

VII. VjHER den einfluss des kohlenhydr atm angels auf 

DIE SAEREBILDIJNC; IN DEN BLATTERN 

In der ersten MitteilunK dieser Serienpublikation versucht ich imter Durch- 
leitung der CO^i-freier Luft zu erkennen, ob und wie die Assimilation der Kohlen- 
siiure die Saiirebi IdimK beeinflusst. Das wichtigste Ergebnis damaliger Unter- 
suchungen bestancl wohl darin, dass bei den in kohlensiiiirefreier Luft gezogenen 
Pflajizen der Sauregehalt der Blattspreite und des Blattstiels vom untw'en Knoten 
nach dem oberen bin abnahm. Bei der Kontrollpflanze verlief aber die Reihenfolge 
des Sauregehalts in den genannten Organen in ganz umgekeErter Richtung gegen 
den obigen Fall, wiihreiid sie sich in den Stengel einschliesslich dev betreffenden 
Knoten in der gleichen Richtimg wie bei den in COoTreier Luft ge.zogeneri fand, was 
sich einen Gegensatz zur damals erkannten allgemeinen Reihenfolge darstellen 
sollte. Also liegte noch sehr durstig nach die F'esls tel lung, ob sich diese 
Erscheinung immer dort tinden sollte, wo eine Hemmuiig der Kohlensaureassimi- 
lation herbedgefulirl wtirde. 

Versuch 26. Kontrollpflanze. (1933,' 

Dieser Versuch dient als Konlroll zu den nachfolgenden Versuchen 27 und 28. 
Die Versuchspflanze (Nr. 42) wurde 180 Tage im Gewachshaus und dann 12 Tage 
lang unter der Glocke unter Durchleitung der gewohnlichem Luft kiinstlich gezogen. 
Nach diesen Kulturdauer wurde das Material abgenommen und in einem und 
demselben Pflanzenteile sofort der Saure- und N-Gehah bestimmt. Zur Bestim- 
mung der S^ure- bzw. N-Menge wurden die Abschnitte von 0. 078-0. N542g bzw. 
0. 211~L 168g genommen. Der Versuchsvorrichtung und der Analysengang sind im 
folgenden immer dieselben geblieben, wie in den ersten U932) imd zweiten (1933) 
Mitteilungcn dieser Serie angegeben sind. Die einzelnen Befunde sind in Fig. 6 
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und die durchschnittlichen Werte in 
Tabclle XXVII zusammen^estellt. 
Wie man sieht, ist der SJiuregehalt 
im Blattstiel grosser als in der Blatt- 
epreite und nimmt von der unteren 
Knoten nach oberen hin stark zu (Fig. 
6), wie wir vorher erfahren haben. 
Beim Stengel einschliesslich der bet- 
ref fenden Knoten nimmt er dagegen 
gerade in umgdcehrter Richtung von 
der Basis nach der Spitze hin ab. 
Dieser Tatsache stimmt mit der frii- 
heren Befunde gut iiberein (s. Siiibai a 
1932). Diese Reihenfolge der Saure> 
menge entlang dem Stengel bzw. den 
betrefifenden Blattspreiten und -stielen 
war damals oner wart, aber haben wir 
dabei gedeutet, dass diese Erscheinung 
auf der Rlickwanderung dtr Saure 
in die Knollen oder auf entgegen- 
gesetzten Stoffwechselvorg^ge in 
diesen Pflanzen beruliem konnen, so- 
dass sie im allgemeinen gerade da 
batten vorkommen sollen, wo nun dixs 
Wachstum zum Stillstand komme. 
Das Vergleich dieser und einer spater 
zu erwiihnenden F alien, wo die Pflanze 
sdir lang liber 170 Tage in Kultur 
gewesen sind, mit den Fallen der 
jUngeren Pflanzen, wie man in meiner 
friiheren Untersuchung zu finden sind 
(SaiBATA 1932, 1933), zeigt es klar, dass 
der obengenannten Deutung die Rich- 
tigkeit zugeschrieben werden muss. 
Zwar handelt es nur um die Ent- 
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Kixirmiana Andji. CKoiitrollversuch). 
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wicklungsphase, ob man eine oder die andere Reihenfolge der SMuremenge entlang 
dem Stengel gefunden hatte. 

Was den Gehalt des Gesamt-N bezogen auf lOOOg Frischgewicht des materials 
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Tabelie XXVTI. Der Einfluss des Kohlenhydratmangels auf den 
SMure- und N-Stoffwechsel — Kontrollversuch 



Pflanzenteil 

1 BlattHDrviU* 

F{lalt8tiel 

Steiifj^el 

1 

ill e-anr*en 

1 Pflaiijjenkdrper 

0\'(il,saurv ill iOOO^ i-ViKcliffew . 

76: w. s 

8M8. 6 

5481.4 

' 7221.5 



IKIV. 2 


779.0 

1078.2 
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rOH. 6 

'■> o O ^ j 

j 421. I i 

754.0 

^ & 
"7^ 

IOhI.-N’ 

.TO. 7 

AH. I 
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324. 2 

^ 2; — 

V ininrin-V 
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l'H.9 

117. A 

92. 7 


Ainu!-N 

M7.6 

L/’ ^ 

(60.8 

144.6 


A ]iiino-X 

‘->7. A 

73. 8 

89.8 

86. 9 


A mid/ A iimion ! 

2 71 1 

1 . 4A 1 

I..A2 

' 1,82 


anbetrifft, so ist er bei Blattspreite 2mal gross wie sowohl beim Stengel einsch- 
liesslich der betreffenden Knoten als auch beim Blattstiel (s. Tabelie XXVII). 
Ahnlich verhalt sich der Eiweiss-N, indem dessen Gehalt bei der Blattspreite 
3“5 mal so gross wie der bei den anderen Teilen. Inb^^treff des loslichen N ist 
das Verbal tnis umgekehrt. In bezug auf den absoluten Gehalt an einzelnen 15s- 
lichen N-Fraktionen in lOOOg Frischgewicht ist die Menge des Ammon-N bei dem 
Blattstiel und dem Stengel einschliesslich der betreffenden Knoten doppelt so 
gross als die bei der Blattspreite. Der Amid N bildet der Hauptbestandteile (40- 
50?^) des loslichen N und weist er zwischen den verschiedenen Organen wenig 
Unterschied auf. Der Gehalt am Amino N zeigt bei den verschiedenen Organen 
wenig Untersi:hied. Der Quotient Amid/Ammon ^0.75-3.85] entspricht dem der 
SSurepflanze, und ist er bei Blattspreite grosser als beim Blattstiel und Stengel 
einschliesslich der betreffenden Knoten. 

Versuch 27. Pflanze in CO^freier Luft gezogen. il933) 

Das eine Individuum (Nr. 24) wurde nach der 170 tagigen Ziichtung im Gewdchs- 
haus 12 Tage lang in kohlensMurefreier Luft gezogen. Die 1. imd 6 . Blattsielen 
waren aber nicht gross genug, um dciran die Bestimmung sowohl des SMure- als 
auch des N-Gehalts nebeneinander durchgefiihrt zu werden, sodass bei ihnen ent- 
weder der einen oder der anderen bestimmt wurde. Zur Bestimmung der S^ure- 
bzw. N“Menge warden die Abschnitte von 0. 032-0. 356g bzw, 0. 232-1. 203g verwendet 

Die einzelnen Versuchsergebnisse sind Fig. 7 und die durchschnitt lichen Zu- 
oder Abnahmen betreffender Werte' in Tablle XXVIII zusammengestellt. Hier ist 
aber zu bemerken, dass die beideii Versuchspflanzen (Nr. 4 und 42 (Kontrolle)) trotz 
der ^hnlichen Entwicklungsstadien doch nicht in derselben Stoffwechselvorgjingon 
befinden konnen, sodass die hier gegebenen Vergleichsdarstellung der Zu- oder 
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Abnahme der betreffendesn Werte 

\ Siiim' 

streaig genommen nicht aiiszuf iihren ^ , 

/■o / 1» 

ist. Aber die blosse Analyse der 

gefundenen Werte wLirde nicht l o 

durchsichtig v*rscheinen, da wir / \ 

-021 ! 

augenblicklich mit der Zu- oder x ' o. h / 

Abnahme der Saure bzw. der ver- % £ '■ < I / \ ^ 

2 p j. / / \ 

schiedenen N-WtnTe unter den CO .' ^ ^ o.r, / / 

freden Bedingungen btjschaftigen. - i r. ^ / \ 

Auh Tabelle XXVIIJ ersieht man, ^ 

dass der diirchschnittlichen Saure- ^ 

gehalt des Blattstiels wie iinnier x j 

CJ < 

grosser als bei den anderen Organ e o. 4 ^ ^ 

en ist, wiihrend er in den Blatt- g ^ j 

spreiten sogar zum einen Verlust _ / 

iinterworfen ist. An P^ig. 7 kann 7 ' A 

man weiter sehen, dass die Saure ^ / I \ 

mange in ganz jungen Blattsprciten ^ \ 

und -stielen, entgegen der Ron trull- £ o.^i o.h \ 

pflanze, stark abgenommen sind. -- ' ' ' 

In jedem Falle its abtr bei drei — % ^ ^ 

r£ £ W ' ' A 

betreffenden Pflanzenteilen die all 

gemeine Neigung ziir Abnahme des S v - — 'I" \ 

S^uregehalts der Reihenfolge naOi -I £ fc yJ' ' 

dear Knoten von der Basis na('h der s £ -7 ^ 

Spitze zu wahrzunehmen. Diese ^ / \ 

Erscheinung stimmt mit fruheren P pj ''a 

Resultate (Shibai a 1932 gut uberein, ^ ^ 

und daran die Ziichtung in CO^.- i J[ m iv \ VI VB 

. r Xi. u Tj* • >. ui))mrr d<‘r Knoioji von initeii 

freier Luft schuldig sein muss. ., -,0 ^ . 

Fi.i;. 7. Saur-r- nml Narotjalt von Hegom^t 

Dass der SSuregehalt der Blatt^ Andk. ( ('tVfrei-Vcrsnch .. 

spreite und des Blattstiels in ihrer " ' ■ " — Animou-N 

_ KisseiHflA Amid-N 

altasteix Entwicklungsstadien sehr — — — I('>h 1,-N Amino-N 

gearing war, stellt einen Gegetnsatz zum Stengel dar, wozu sehr wahrscheinlich 
das Gelbwerden der Blatter verantwortlich sedn kann. Was den Gehalt an 
Gesamt-N bezogen auf lOOOg Frischgewicht des Materials anbetrifft, so ist er im 
allgemeinm bei den Stengeln am grossten und bei Blattspreiten sogar von einm 
kleinen Verlust erlitten. Der Eiweiss-N neigt, wie aus Fig. 7 zu entnehmen ist, 
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Tabelle XXVIII. Der Einfluss des Kohlenhydratmangels auf den 
Saure- und N-Stoffwechsel — CO^-frei-Versuch 



Pflaxaeiiteil 

Blattfipreite 

j Blattstiel 

Hteijjrel 

ill ganzen 
PflariKenkdrper 

Oxalsame in Friycheou. 


■1 I7<40. 

j -i-'.oo.'; 

1 

+ 761.7 


< H'waint-N 

-'A I 

—20. 1 

4-142.^ 

4-38. 1 

c: - 

i'l iw 

+ 44, 

; +^2.0 

4 94 i 

+ 63. 

^ K j 

U ^ (f, 

IXmI . -X” 

A 11 1 ni< *ji- \ 

— -^4.0 I 

— 2^ 4 

! —/2 ^ 

. 

T 4 2 I 

-4\- 

-26.8 

--44. 0 


\ 

, f ■ ‘ > 


+ 74.0 

+ 20.4 


A inni- 1 - \ 

--A'A S 

-X.4 T) 

4*21.0 

— 1.6 


\ tnul/ A inninn 

f'y. 8r> 

2. 82. 

3. 7n 

j 


von der Basis nach den* Spitze hin ziizunehmen. l>iese Nei^imR kann man auch 
l)eim loslichen N wahrnehmen. Absolut ^icenommen sind aber die Schwankimgen 
bei einzelnen Frakticjnen der loslichen N so klein, dass sie in ihrer Bedeutimg 
zar Saureschwankungen ganz und gar vernachl'lssigt werden konnten. Wenn also, 
die Saurebildung in iegendeiner Heziehung zum N Stoffwec'hsel stehen sol He, bleibt 
nur del* Eiweiss-StoffwtK-hsel in Hetraclil gezogeai zu werden. Wie man aus 
Tabelle XXVITI entnehmen kann, nahm der Ciesarnt-N wahrend der CO^s-freien 
Zuchtung dem Kontrolle entgegen mdvssig zu. darunter der Eiweiss*N-Zunahme 
Hauptrolle spielt, Diese 1'atsache, mit der durchgehenden Ammon-N Abnahme 
zusammen, deutet dahin, dass hier die Eiweissyn these statttindet, ganz wie bei 
meiner friiheren Orientieioingsversuche der Fall war .Siiihata 1932^. Wie man 
auch unten zu erfahren ist, die Kohlenhydtate der Pflanzen unter CO.-freier Luft, 
entgegen die bei den unter Dunkel gezogenen Pflanzen, er lei den wenig an ihrem 
Mangel ; sie kdnnen ja sogar ganz unverandert bleiben, je nach dern Dauer der 
Zuchtung unter der genannten Bedindung. So ist es ganz begreiflich, dass bei 
der Pflanze, die die N-Verbindimgen aus Nahrlosung aufnehmen kann. Eiweissyn- 
these unverzdgert stattfinden kann. Weil die Mengenverhkltnis der Idslichen N- 
Fraktionen zur Siiure nicht fiir Desaminierungshypothase spricht, muvss man aus 
dieser Ergebnisse etwa so vorstellen, dass der Mechanismus der Saurebildung, 
wenn sie zum Teil mit dem N-Stoffwechsel in kausaler Beziehung stehen sollte, 
vielmehr in dem mit der Eiweissynthese gdkoppelten Stoffwechsel zu suchetn wSre* 
Der Quotient Amid/Ammon ist etwas zum Amid verschoben und beim Blattstiel 
am kleinsten, beim Stengel einschliesslich der betreffenden Knoten ein mittlerer 
und bei der Blattspreite am grdssten. Es ist ersichtlich, dass zwischen dieser 
Vcrh^ltnisiahl und den absoluten Gehalt der gesamten S^ure eines umgekehrtes 
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Verh^ltnis besteht, wie Kultzscher (1932) zwischen Amid/Aminon und pH dasselbe 
VerhM)tnis feststellen konnte. 

Versuch 28. Pfianze im EKinkeln gezogen (1933) 

In den ersten Mitteilung habe ich iiber den SMuregehalt der im Dimkel gezogenen 
etiolierten Pfianze, die gleich nach der Keimung von Bulbillen im Keller weiter 
kultiviert wurde, eine Kundschaft gemacht.' (Siuhata 1932) In diesem Falle nahm 


der prozentuale SSuregehalt im Sten- 
gel einschliesslich der Knoten, im 
Blattstiel und in der Blattspreite 
ausnahmslos von der Basis nach der 
Spitze hin zu. Zum selben Zweck 
wie beim vorigen wurde weiter ein 
anderes Individuum (Nr, 9; analysiert. 
Es war 173 Tage im Gewachshaus 
und dann 12 Tage lang unter ca. 20L- 
haltiger Glocke, diezuerst mit schwar- 
zer Emailfarbe, um die Versuchs- 
pflanze vor Lichtzutritt zu schiitzen, 
und dann zur Verminderung der Ab- 
sorption der Sonnenstrahlenwarme 
rait weisser bestrichen war, unter 
Durchieitung der Luft gezuchtel. 

Zur Bestirnrnung der Saure- bzvv. 
N-Menge warden die Abschnitte von 
0.073-0. 338 g bzw. 0.185- 1.012 g ver 
wendet. Die einzelnen Analysen- 
ergebnisse sind in Fig, 8 graphisch 
angegeben, und die durchschnitt lichen 
Daten sind in Tabelle XXIX zusam- 
mengestellt. Aus dieser Figur er- 
sieht man, dass der absolute Saure- 
mengedes Blattstiels immer grosser 
als der der Blattspreite ist, und dass 
er im Stengel einschliesslich der bet- 
reffenden Knoten mittelsttodig ist, 


N San re 



I n HI IV V VI M 
Nuiiiiner der Knoten von uuten 
Fig. 8 Siiiire- nnd N-ldehnJt von Hegonia 
J^^amiana Vndk. C\'erdunkhmgHver8UclO» 

. — Saure Ainmon-N 

.1.. FhwoisH-N Amid-N 

— — — — /Vuhno-N 


ganz wie wir betm Versuch 25 erfahren haben. Aus Fig. 8 kann man ferner sehen, 


dass sich die SMure in ganz jungen Blattspreiten und Blattstielen geringer als in 


mSssig gewachsenen findet. In jedem Falle ist die SMuremenge sowohl bei der 
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Tabelle XXIX. Der Einfluss des Kohlenhydratmangels auf den 


Saure- und N-Stoffwechsel — Verdunk lungs versuch 



Pfleiunnteil 

l>!nttflpri*ilo 

BJaitst iol 

Ston^4 

in jronzeii 
Pflaiizeiikorper 

inp OxHlHtliiri' in 1000, i? Fri^fhanv. 

—817. 7 

— h3.4 

— 6r'4. 3 

-461.8 


( iOHUlllI -.\ 

—44'^. 0 

4- 1.4 

4-21'63 

--76. 1 



— '>0;^ 4 

4':'.3 3 

4-81.3 

— I2'4n 







losl.-X 

4 ‘-A 4 

— 3 ! . 

4-13.8 0 

4 53. 5 

^ X 

A nine >n-\ 

4-A5. I 

■ -26. ^ 

4 14. S 

4-3.6 

e -e 

A nn(l-\ 

4- On. 5 

— 2. ^ 

A 6 1 , 6 

421.8 


A mini 

- -'4 2 

-2.-] 

-8M.7 

4-18. 1 


A mid/ AiJinii ill j 

2. 02 

! . 62 

I 84 



Blattspreite als auch beim Blaitstiel an niitteren Korperteilen grosser als der 
beim oberen oder unteren. Der geringere Sauregehalt dcvS Blattstiels und der 
Blattspreite bei den 1. und 2, Knoten beniht off(^bar auf das Gelbwerden des 
B lattes und kann der Zersetzung oder Ablenkung der Saure an anderen Kdrper- 
teilen der Versuchspflanzen zuriickgefuhrt werden. Im Stengel erlitt die Saure, 
ganz wie bei der Kontrolle, von Basis ziu* Spitze von einer allniahligen Abnahme. 
Im Grossen und Ganzen kann man aber gleich bemerken, dass die Saure bei jiln- 
geren Blattspreiten und -stielen stark abnahm, was ja ganz und gar mit den 
Ergebnissen bei der COrfreien Ziichtung iibereinstimmt, und einen deutlichen 
Gegensatz zum Kontrolle darstellt. Der Quotient Amid/ Ammon betragt 0.83- 
2.66 ahnlich wie bei der Kontrolle, und beim Blattstiel ist er am kleinsten, beim 
Stengel einschliesslich der betreffenden Knoten rnitlelsttindig und bei Blattspreite 
am grossten. Aus diesem Ergebnis ist also gleich erkennbar, dass die S^ure- 
bildung durch die l^ngere Verdunklung iiberall gestdrt wird. Dagegen die jeden 
einzelnen Idslichen N-Fraktionen sind beim ganzem Kdrper der Dunkelpflanzen 
grosser als die bei der Kontrolle (s. Tabelle XXIX.), was mit dem niedrigeren 
Wert Eiweiss-N zusammen auf den Abbau des Eiweisskorpers hindeutet. Trotz 
dieses hdheren Gehalls an Idslichen N bei den Dunkelpflanzen nimmt die Satire- 
menge umgekehrt ab. Beachtenswert ist weiter die Tatsache, dass sich die 
Kohlenhydrate, u. a. der Zucker und die Starke, wie man im spateren Abschnitt 
erfahren wird, im 12tdgigen Verdunklungsversuch grdsstenteils verschwinden, 
was trotz der Musseren Ahnlichkeit ein wichtiger Gegensatz zum COrfi*eien Versuch 
darstellt. Also steht die Sache so, dass beim COa freien Versuche die Kohlen- 
hydratmenge fast unver^ndert bleibt, und die SSure- und Eiweissbildung etwa 
gefdrdert werden kbnnen, wShrend sie sich beim Verdunklungsversuche grdssten* 
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teals verschwinden, sodass die Saure- und Eiwedssbildung wenn iiberhaupt beein- 
trdchtigt werden niussen. Da wir als Tatsache die Situreabnahme gef unden 
haben, was sicher wegen des Kohlenhydratmangels die Beteiligung der Saure 
an Energielieferung hindeutet, es ist schwer zu entscheiden, ob man hier die 
^aurebildung in Rahmen der Desaminierungshypothese einstellen kbnnte. 

Versuch 29 . Kontrollpflanze. (1934) 

Zum selben Zweck, wie Versuch 26. wiirde weiter ein anderes Individuum 
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^'Nr. 18) fiir 174 Tage lang im Gewachshaus, dann fiir 21 Tage lang unter Glocek 
unter Durchleitung der Loft kunstlich geziichtet, was schon ausgebliiht war. I^as 
1. Blatt war schon blassgrun und 2 and 3. Blatt gelblichgrun geworden, aber 
iibrige Blatter wareii schwarzgrun und anscheinlich noch ganz gesund. Zur 
Analyse warden die Abschnitte von 0. 07tM). 460g fur Saure und die von 0.34^ 
1.604g fur N genommen. Hie Ergebnisse sind in Fig. 9 und durchsclinittliche 
Werte in Tabelle XXX wiedergegeben. Daran kann man leicht erkennen, dass 
die Schwankungen aller Daten vollkommen der der Fig. (] Qbereinstimmen, sodass 
die eingehende Auseinandensetzung iiberdiissig wiire. 


Tabelle XXX. Her Kinfluss des Kuhlenhydratmangels auf den 
Saure ujid N-Stoff wechsel— Kontrol Iversuch 1931 ' 
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Versuch 30. Pflanze in CO.-freier T.uft gezogen T934\ 

Um die 1933 erhaltenen Ergebnisse zu kontrol lieren, wurde weiter analysiert 
ein Individuum Nr. 18, das fiir 145 Tage lang im Gewachshaus, dann fiir 14 Tage 


Tabelle XXXI. Her Eintiuss des Kohlenhydratniangels auf den 
Saure- und N-Stoffwechsel — COj-frei-Versuch (1934) 
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lang unter Glocke unter Durchleitung der COa-freier Luft ktinstlich gezogen wurde, 
tind schon ausgebltiht war. Das 1. Blatt wurde schon gelb, andererseits die 7» 


tind 8. BlMttem waren nicht gross 
genug, xim die Bestimmung so- 
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ganz umgekehrt. Unter deni absoluten Gehalt an einzelnen Fraktionen des los- 
lichen N in jeden betreffenden Pflanzenteilen nimmt der Ammon- und Amino-N 
im allgemeinen von der Basis zur Spitze hin zu, ivas ganz umgekehrtes VerhSltnis 
zur Schwankung der SSuremenge der Pflanzenachse entlang darstellt. Cberdies 
hier findet sich der Ammon-N beinah doppell so reich wie der bei der Kontrolle, 
wahrend bei anderen loslichen N-Fraktionen der Unterschied zwischen beiden kaum 
zu erkennen ist. Alle diese deuten klar dahin, dass die Eiweisspaltung bzw. 
r)esaminierung anseiinlich stattgefunden ist. Der Quotient Amid/Ammon schwankt 
0 . 19- 1 74 , sodass er viel kleiner als bei der Kontrollpflanze ist. W&in man die 
abs(;Iuten Sauremenge der jeden einzelnen Pflanzenteilen auf dem Ordinat und die 
entsprechenden absoluten Menge Eiweiss- oder loslichen N in lOOOg Frischgewicht 
auf dem Abzisse entgegen in einer Kurve darstellt, kann man leicht ersehen. 
dass die Kurven fiir Blattstiel und Stengel bei diesem Versuch beinah gleich 
Richtung wie die entsprechenden Kurven beim Kontrol I versuch richten. Bei der 
Blattspreite ist es auch hier augenfiillig, dass die Sauremenge mit den zunehmen- 
den Menge Eiweiss N umgekehrt abnimmt. Der Gesamt-N-Gehalt betragt bei 
beiden Versuchspflanzen durchschnittlich 0. 19% des Frischgewichtes. Da nun 
der prc)zentuale Gelialt an Eiweiss-N gegen den C^esamt-N 73.56% bei diesen 
Versuchspflanzen gegenuber S6% bei der Kontrolle, und 26. 55^iger C^alt an 
loslichen N gegen 13. 995^^ bei der Kontrollpflanze einninimt, es deutet augenschein- 
lich dahin, dass bei jener die Eiweisspaltung kraftiger eingetreten ist. Dass die 
S^iire bei dieser Versuchspflanze trotz des grosseren Eiweissabbau weniger geftm- 
den wurde. kann ohne weiteres nach der Theorie Ruhland's nicht erklSrt warden. 
Damit kann man trotzdem noch im Stande sein, die genannte Theorie einfaeh und 
eindeutig zu verneinen, weil sich hier die Versuchspflanze unter anderer innereii 
Bedingungen als die Kontrollpflanze bef unden sein und die anscheinliche Saure- 
abnahme in der Wirklichkeit die Zunahme gewesen sein konnte. Etwa so, dass 
die schon beim Versuch die Kohlenhydrate verhaltnismassig weniger als die 
Kontrollpflanze enthielt, sodass die SMure selbsl inzwischen als Atmungsmaterial 
verbraucht werden mtisste. Aus diesem Grunde bleibt dariiber noch weiterer 
Untersuchungen durslig. 

Versuch 3L Pflanze im Dunkel gezogen. (1934). 

Zum demselben Zweck, wie in 1933 ausgefUhrten Versuchen 28, wurde ein 
Individuum Nr. 25 analysiert, das 196 Tage lang im GewSchshaus, dann 14 Tage 
lang unter Glocke, die vor Lichtzutritt schutzt, unter Durchleitung der Luft 
kiinstlich bis zum AusblUhen gezogen wurde, Allai Blattspreiten waren griin 
und anscheinlich gesund. Zur Bestimmung der Menge von Sfiure bzw. N warden 
die Abschnitte von 0.095-4). 417 bzw. 0. 210-1. 288g verwendet. Die einzelnen und 
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durchschnittlichen AnalysenerKebnisse der S^ure- und N-Bestimmung sind je in 
Fig* 11 und Tabelle XXXII wiedergegeben. Fig. 11 zeigt, dass der Sauregehalt 


beim Blaltstiel wie immer am 
grbssten und beim Stengel ein- 
schliesslich der betreffenden 
Knoten am kleinsten ist. t)ber- 
dies ist an der Fig. 11 ersicht- 
lich, dass der Stiuregehalt bet 
alien Pflanzenteile nach dem 
Knotennummer entlang von der 
Basis nach die Spitze bin ab 
nimmt, was zu den Ergebnissen 
bei der Kontrollpdanze soweit 
entgegen steht,als sie bei dieser 
wenigstenvS in den iilleren Blatt- 
spreiten und stielen umgekehrt 
zuhahm. Was den absolnten 
Gehalt an Gesamt-N l>ei lOOOg 
Frischgewicht des Materials an- 
betrifft, so ist, obwohl in Tabelle 
XXXII nicht dieabsoluten Werte, 
sondern nur die Zir oder Ab- 
nahme gegen die Kontrollwer te 
angegeben worden sind, zu er- 
kenncn, dass er ira allgemeinen 
bei der Blattspreite am grbvssten 
und drei bis vierfach so gross 
wie der bd Blattstiel und Stengel 
einschliesslich der betreffenden 
Knoten ist, und betriigt 0. 2 % des 
Frischgewichtes, Unter diesem 
Geaamt-N macht der absoluten 
Gehalt des Eiweiss-N bei der 
Blattspreite einen ansehnlichen 
Teil und zwar 86 % des Gesamt- 
FJ aus, wahrend er beim Blatt- 
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stiel und dem Stengel 59. 7 bzw, 66. 1 %, was aber, aus den absoluten Wert berech- 


net, nur 17;^ bzw. 225^ zum bei dei Blattspreite entspricht. Wenn man aber die 
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Tabelle XXXII. I)er Einliuss cles K(>hlenhy(lratman};Tels auf den 
Saiire imd N-Stoffwechsel. — VerdunkhmKsversuch (1934) 
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■einzelnen N-P'raktionen im Verj^leich zu den Kontrollwerten betrachtet, so sind 
■die Schwankuni^en ini all^jjerneinen aiiffallend wenig, und bloss am loslichen bzw. 
^esarnten N mlissiKtm Abnahme zu erkennen. l)er (lehalt an loslichem N in vet- 
schiedenen Pflanzenteilen zei^^t keine merkvviirdi^e Differenz zum der Kontroll- 
pflanze ^e^^^niiber, niit einer Ausnabnie beim Blattstiel, wo er zuni 2/3 des 
Kontrollwcrrtes abgefallen ist. Unter den loslichen N Fraktionen liegt der Am- 
mon* und Amino-N wenig, und der Amid-N, besonders am Blattstiel, etwas grr)sser 
zum Abtall unter. Der ()uotient Amid/Ammon betragt 0.39-2.69. Wcjin nun. 
urn die etwaige Ht^iehung zwischen Saurebi Idling und PuweivSsloffwec'hsel ein- 
zublicken, die absoluten Sauremenge der jtden einzelnen Pflanzenteilen auf dein 
Ordinal, und der entsprec:henden absoluten Puweiss oder loslichen N Menge auf 
dem Abzisse entgegen kurveninassig darstellt wird. so nimmt hier der Kurven- 
verlauf bei den jeden betreffenden Pflanzenteilen so gut wie vollkommen zu dem 
des CO.-frmen Versuche.s uberein. Und zwar sind die Schwankung der Saure- 
menge zu den der Eiweiss- oder loslichen N Menge fast Uberall unabhangig von 
einander (xler etwa negativ korreliert, wie beim CO^.-freien Versuche auch der 
P'all war. Nur es macht ein Ausnahnie beim Stengel, wo die Saure- und Eiweiss- 
N-Menge positiv korreliert verandert, was aber bei den KontrolF und C()..*freien 
Versuche ebenso der P'all war, sodass es auf die an den damaligen Pfianzen 
untergelegenen gemeinsc haft lichen inneren Bedingungen zuriickgefiihrt werden 
muss. Wenn man die genannte Ht^ziehung am ganzen Pflanzenkdrper von betref- 
fenden Diirchschnittwerten aus betrachtet, so ist die Sauremenge zum 3/4 von 
KontrolF und zum 9/10 von COj freitvn Versuchen abgefallen. Diese Ergebnisse 
^timmen mit den vorj^hrigen Versuchen 27 und 28 insofern gut uberein, dass die 
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Dunkelversuche immer das Saureniveau niedriKer als die CO.,-freian Versuche 
gaben. Trotzdem ist kein Anhaltpunkt uber die Grundlage der Saurebildung 
gegebn, dien weil die Abbauprozesse hier so stark waren, dass die in Betracht zu 
zidienden Stoffe ausnahmslos zur Abnahme beeintrachtigt wurden, 

( Fortsetzung folgt.V 
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ON A FACTOR AFFECTING THE VELOCITY OF EXCITATORY 
CONDUCTION IN THE PETIOLE OF MIMOSA PUDICA 

Bv 

Takao Sihaoka 

Iholo^ju'^U luatilntfj IJ'nri'rsily, Si'ft/lai, Jafxui 

(VVilIj 4 Toxt-lij^nr€H) 

In the main petiole of Mimosa Pudica, moderate conduction of excitation (m- 
wave propagat€\s through the whole of it with a constant velocity, thouj^h in 
some cases acceleration or retardation may be observed (Sibaokv 1950b). When 
vsmall portion of the main petiole is half cut across to remove some parts of 
the conductory tissue, the velocity of conduction decreases at this portion, but 
increas€is in the succeedinK intact portion to take up the original velocity. The 
velocities of conduction in the part of one half of a vertical split of the main 
petiole are less than those of the normal one. In the case of we^k stimulation, 
the conduction is slow, but at some distance from the stimulating point it ac- 
celerates to recover the constant velocity In the sub petiole, on the other hand, 
the excitation is not conducted at a constant rate, but has a higher velocity in 
the more basal part. 

In the present paper are described the new results concerning the accelera- 
tion or the retardation of the excitatory conduction in the main and sub-petioles. 
The velocities of conduction arc determined from the oscillogramm of action 
potentials, as in the previous experiments ^Sifaok a 1950b/. 

1. Acceleration and Retardation of Conduction in ttie Sab-petiolc in the Normal 
Condition. 

The action potential of the sub petiole (the pinna-rachis) shows some addition- 
n.1 small deflections due to the excitations of the fork of every pair of laminar 
pulvini, between the two leading electrodes, so that the velocities between all of 
any two pairs of laminar pulvini may be calculated from their oscilk^gramms. 
A pair of leading electrodes connect the apical-most leaflet with the basal-most 
one, as is shown at the bottom of Fig. 2. When a point of Si or (Fig. 2) 
was stimulated by cooling water, the action potential can be lead off in the sub- 
petiole (Fig. 1), not in the leaflets, as the moderate iconduction does not pass 
through pulvini, so that the excitatory conduction throughout almost all parts of 
the sub-petiole can be known by this method. 
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As previously reported (Sihaoka 1950a), when basipelal conduction is induced 
by a cooling stimulus at S], the intervals of small deflections become less and 
less (Fig. 1, A), while in the case of acroix^tal conduction caused by the stimulus 
at S- the reverse is true (Fig. I, This difference may suggest that accelera 
'five conduction occurs in the former case but is retardativ(‘ in the latter. The 


conduction velocities in every part be 
tween any two pairs of laminar pulvini 
are shown on the top of Fig. 2, aver 
aged from the values of thrt^ experi- 
ments in botli directions on a sub- 
petiole. In this figure, the e^rly stages 
of both directions were not indicated 



J 1 I I 1 J L ..i. -I L 1 


Fig'. L Curves of action potential in the 
sub-petiole, A : basipettil cniuluction. 7/; 
acn^petal one. Time inarKP I hoc apart. 



Kilt. 2. At the top, tiie velocitiea of con- 
fine I im. At the mifi(ll<‘, areaw and cell 
uunfix'r^ ill tlio cpohh section of main central 
cylinder <»n oacli parts Ix'.tween leaflet pairs. 
At the hottoin, the leading circuit of the 
aetioix potential, appointinir stimulatina: 
points CSi and 

The scale of area indicates the rt^adiivr of 
planimelor, 100 correspond to atviul 0.02min3. 


due to the obscurity caused by technical disturbance at the beginning of the action 
potential or to the small deflections occurring in its rising phase. With the ex- 
efeotion of caset of good condition and of sufficient stimulus, the excitation by 
cooling stimulus (i. e. supplying about ice water) is not generally conducted 
through the whole isub petiole. In the cases of heating or cutting stimulus, on 
the other hand, the small deflections are disturbed by the s-wave (r/. Sibaoka 1950a) 
so that the calculations of velocities in each parts of the sub-petiole are difficult, 
Umrath (1928, 1937) also studied the action potentials in the sub-petiole, but because 
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of his incomplete recording apparatus he overlooked the small deflections in the 
.s-wave and called them “Aktionsstromgruppe ’ . In the sub-petiole of M.Spegaz- 
zinii. Snow ^]925) found from the degree of reaction of a leaflet, that in the cases 
of besipiflal and sometimes in acropetal conduction the acceleration of conduction 
velocity occurs by cutting stimulus, but without retardation. 

The top of Fig. 2 shows the following facts : In general, there is no difference 
belwoen the velocities of basipetal and acropetal conduction in each parts; in 
other words, each parts have a proper velocity without reference to the direction. 
71'ie acceleration in basipetal conduction and the retardation in acropetal, results 
from the arrangement of those parts having proper velocities which increase 
fiNjm top to base. 

'rhe writer previously suggested (Sihaoka 1950b). that there are several numbers 
of excitabh‘ units in the petiole which may be pointed out in cross section, and 
if the unit qiuintity is decreased in vSome way the conduction velocity also de^ 
creases. After the oscillographic record has been taken, the areas in cross 
secti(jns of the middle parts between each two pairs of laminar pulvini are 
measured. All of the areas in cross section of the whole, the cortex (inclusive 
of a ridge bundle) and the main central cylinder increase from top to base in 
strong correlation with the conduction velocity of each corresponding parts (Fig, 
2 ). The correlation coeflicients in these three cases are r —0.93, r — 0. 92 and 
r -- {} 94 respectively. From testing by the distribution of F they are significant 
on the level less than a -- 0. 001. 

The number of cells in the central cylinder (exclusive of the vessels^ and 
cortex (exclusive of a ridge bundle) which may be counted in cross section also 
increase in strong correlation with the velocity (Fig. 2). The correlation coefli 
cients between the number of cells and the conduction velocities on the parts 
concerned are r - 0. 99 in the former case and r — 0. 98 in the latter. They are 
highly significant in the former being on the level less than a - 0. 001 and in the 
latter, 0. 01 > a > 0. 001. 

As described above, the velocities of excitatory conduction in every ijart of 
the sub-petiole are also related strongly to the area in cross section, /. e. to the 
number of cells, of these corresponding parts. 

2. Artificial Retardation in the Main Petiole. 

In the main petiole the excitation is conducted through the whole with a 
constant velocity, but when a portion of it is half cut across, the velocity de* 
creases only at that portion. If in similar experiments to the previous one 
several leading electrodes are set on several positions of the main petiole and 
connected with one electrometer, it is possible to measure the conduction velocities 
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of each parts either between any two electrodes, or between an electrode and 
main pulvinus. When a zone over about 5 mm of the main petiole is scraped 
away to remove the epidermis, cortex and two ridge bundles, so as to leave only 
, the main central cylinder, which is sheathed around by vsclerenchymatous layers, 
and the depth of the wound is afterwards determined under the microscope, it 
was found that the conduction velocity in this zone does not practically change, 


Table I 


VeK>citieH of conduction Cmni Mcc ) 


IiKltviJual and leaf No. 

Temp. iW ^ 

Normal pa it 

Opcrat(Nl part. 

Matun\ 11 

20 

o. 2 

7 , i) 

Mature. 11 

2^ 

— 

1.2 

. 8 


as shown in the table ; the s-wave normally passes thereafter through this zom But 
when two ridge bundles and some neighboring parts of the epidermis and (ortex 
still remain intact, we can observe weak conduction of excitation which may be 
determined by a very small action potential, though it is not conducted to a 
greater distance. Therefrom, it follows that the conduction of excitation occurs 
almost in the main central cylinder. 

Next, some parts in the main central cylinder of a main petiole are wounded 
by picking with a platimum-iridium needle (0.15 mm dia ), to measure the velocity 
of conduction in this wounded portion in comparison with that of the nf)rmal. 
The needle is inserted perpendicular 
to the longitudinal axis of the petiole, 
and in the case of more than two 
pickings the needles are inserted on 
the same level as the former. By 
such operation, we can make various 
degrees of woimd on the same level 
across the petiole. More than one 
day after the petiole has been oper- 
ated as mentioned, two leading elec- 
trodes {By Q are set 2^3mm above 
and below the operated point, and the conduction velocities between these two 
electrodes (B— C) are measured in comparison with averaged values of A — B and 
O^P [P indicates the main pulvinus) (Fig. 3), After taking the oscillographic 
record the areas of the whole and of non-wounded parts of phloem and of pith 



Fig. 3, Tiagraniin (>f leading circuit in the 
expcrimetii on the main petit >le (Hee the text). 
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in the main central cylinder are measured in cross section under the microscope, 
and then the ratio of the non-wounded part to the whole is determined. 


Sixteen pairs of the relation 
between the ratio of vel<x:ities 
in the operated part to those 
of the normal which is the 
average of three or four mea- 
surements, and the ratio of 
intact areas to the whole are 
shown in Fig. 4. The larger 
the intact parts the larger the 
velocities is, as obvserved es- 
pecially in the phloem. The 
correlation coefficients of the^se 
sixteen pairs are r - 0.61 in 
phloem and r - 0. 48 in the 
pith. From testings by the 
distribution of h\ the former 
is recognized as significant on 
the level of 0. 05 > > 0. 10, 

but the latter is insignificant. 



60 ^»00 
Mtio Of fentdining dJ^ed 


Fig. 4. The reJatioaship be.twet^Ji the ratv» of volaci- 
tioH ill opi»rato<l part to thono ol normal portion, and. 
the ratio of the intact an'a to tho whole in phloem 
and in pitli. 


From these results it follows that also in the main petiole the velocities of 
excitatory conduction are affected by the cross area of the petiole and especially 
of the phloem, so that the path of excitatory conduction lies mainly in the phloem, 
as already suggested by H\RnEKT (1922), Snow (1924), Bosk (1926) and Umkath (1937). 


3. Conclusions, 

The velocities of the modtn'ate conduction of excitation in the main and sub- 
petiole depend on the sizes of the petiole. Accordingly, in the sub-petiole of 
which the sizes increases from the top to the base, acceleration occurs in basi- 
petal conduction or retardation in acropetal, while in the main petiole having 
about constant sizes over their whole length, the excitation is conducted with a 
constant velocity, and when a small portion is picked off the velocity decreases 
only in that portion. 

The size, i, e., the area in cross section, may be expressed by the number of 
cells, as strong correlation is found between them and the velocity. 

In the main petiole the conduction velocity is affected by the number of cells 
in the phloem. 

As described above, it may be concluded that the excitable units which have 
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been suggested by the writer in a recent paper are some cells belonging to the 
tissue of phloem. 

The writer is indebted to Dr. Y. YAMA(;inr for his supervision during the 
course of this work. 
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THERMOELECTRIC STUDY ON I'HE SAP STREAMINC OF PLANTS 
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YOsahi'ko Kcmva 

liiolo'firjil fnnlittifej lohohf/ Univcnity, J<rpiri 

(With M IVKl-fiLnirtH ) 

( 

L INTRODUCTION 

'Fhf problem of the sap streaming of plants has Ijeeii investigated by many 
researchers. The dire<.:t observation of the sap direc:tion, velocity and others 
has been long observed since Strasiu kc.kk (1891) by many workers as GoroKLSRor.DFR 
(1901 . HrnKR (1982), Stki r.cKR (1940), and Rouschal (1940). This method is, however, 
inconvenient, as we can use merely cut plants, and is doubtful whether the 
measured velocity is in accordance with that of intact plants or not. A pigment 
may be left bt^hind from ascending water or stored up on the cell membrane. 
This method is further advanced by Si ki (jckk in late years, taking advantage 
of a new pigment “ oxypyrentrisulfosaures Na ’. Recently, however, the new 
phase of study is opened in this field by Hciu k’s thermoelectric researches on 
trees and climbers. In higher animals thermoelec:tric method of measuring the 
velocity of flow in the tube, according to Hciu k, was first used by H. Rein for 
the measurement of velocity of blood current. Jn 1932 IL iu.K hirnelf used it for 
investigating the velocity of the transpiraticm current. About the same time, 
Dlxo.n and others applied the thermoelectric method to follow the direction of 
the flow of liquid in plants. Huhkh’s thermoelectric procedure (1932) is superior 
in observance of untouched plant. It allows the measuring of the velocity on 
different parts at various times rept^atedly, and the catching of the partial and 
temporal distribution of velocity. But Hubf.k himself was not successful in her- 
baceous plants. He load in fact investigated the trees but not herbaceous. Later 
Hcbfk, ScHisiiDT and Jaunfl (1937) experimented, and Hcbf.r and Rocs^ hal (1938; at- 
tempted the thermoelectric comprehension of assimilation stream without success. 

The present paper reports the results of measuring the velocity of transpi- 
ration current in Impaiiens balsamtna and some other plants by thermoelectric 
and “ compensation method 

Before proceeding further, 1 wish to express my sincere tlianks to Prof. Dr# 
Y. Yamaouti for his kind instruction in the course of this work. 
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II. METHOD AND MATERIAL 

In the present experiments the thermoelec:tric method of measuring the ve- 
locity of flow in tubes was used. It essentially consists in the local application 
' of heat to the presumed channel of the moving liquid, and the detection of this 
heat by means of a thermocouple on the channel at a measured distance from 
the source of heat. The heater in these ejcperiments consisted of a piece of 
silver wire ;0. Imm. diam.) about 10 cm. long. The wire insulated with varnish 
was soldered to the ends of copper leads coming from a switch connected to a 
2 volt battery. 

The thermocouple used were of copper -constantan junction ; two insulated 
copper leads (0. 1 mm. diam. ^ about 50 cm. long are connected with constantan 
bridge, and the terminals of the copper leads from the copper elemtmts with the 
galvanometer, thus reducing as far as possible the number of connections in the 
circuit, .which are apt to introduce error. By the connection of terminals of the 
leads with a switch, the different couples may be put in circuit with the galvano- 
meter. In order that the unavoidable junctions in the switch may not introduce 
thermoelectric error, these junctions are kept at the same temperature. 

The galvanometer used in this work was a mirror galvanometer with mov- 
ing coil D-3 type, made by the Yokogawa Electric Works Ltd., having a whole 
resistance of 17 ohms, and the inner resistance of 7 ohms. Its sensitivity is 
1.4x10-'' amperes, and free period 5 seconds. In this arrangement a temperature 
difference between the junctions of 1/100'C. gave a deflection of about 1 division 
on the scale at the distance of one meter from the galvanometer. 

The plant material, fmPatiens balsarnina, is white flowered variety. In spring, 
the seedlings are taken in pots, cultivated out of doors, and after growing to 
more than about 30 cm. in height, they are used for the experiments. The ex- 
periment room is a dark, semi-basement with almost no circulation of air even 
when the door and window are opened, and high 'content of moisture in the air 
throughout the whole experiment. 

A considerable distance is intervened between the heater and the points of 
detection, so that the junction might not be affected by the heat conducted by 
the intervening tissues or by the hot air rising from the heater set below the 
couple. This disposition of the heater and the couple limits the method to the 
observation of comparatively rapid velocities. For, during the slf>w passage of 
the fluid through a considerable length of intervening tissues, the heat gradually 
will be dissipated, and will not be revealed by the couple concerned. 

In Hubkr’s and Bacmcjartxer's experiments on the transpiration current, die- 
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tances of 4 cm. to 25 cm. intervened between the source and the couple, but as 
they were dealing with velocities of 5 cm. to 30 cm. per minute, this showed no 
divsadvantage. Where velocities of 1 or 2 cm. per minute are concerned all of 
the heat applied will be lost. In reducing the distance, however, there is a 
danger that the heat conducted through the tissues may lead to raise the teippera- 
ture* of the nearer junction of the couple, and this may be confused with the 
looked for rise due to the moving liquid. 

The heater and thermocouples were set at heights 15-20 cm. above the surface 
ot the earth in the pot, and the distance's between the heater and thermocouples 
varied from 6-15 mm. 

The thermocouples affixed to the stem were so arranged that, when the 
junc tion nearer to the heater was at a higher temperature than the more distant 
one, the current passing in the circuits caused a positive deflection of the galva- 
nometer. Thus, when the switch of the heater current was closed momentarily 
(viz., for 2, 3, or 5 secs.), at first a positive deflection was observed. Then, as 
the heat reached the more distant junction, the deflection declined towards zero; 
and, if the temperatia*e of the latter junction become higher, the deflection will 
turn to be negative, and then again to reach to zero. 


III. EXPERIMENTAL RESULTS 


Experiment A, 1. 

The first research was performed from summer to autumn in 1939. The 


thermocouples are arranged on the down-stream side of the heater, distance 



10 mm. intervened between the heater and the 
firvSt junction of thermocouples, and the second 
junction 10 mm. apart more on the same side 
vFig. 1). 

In Table I the deflections of galvanometer 
recorded every 10 seconds from the moment 
of heat application are given. These results 
are also visualized in Fig. 2. 


Fijf. 1. Scheme ahowiii^ the ftrrttnvemeut 
of the apparatus. 

T. C. = Direction of tfic traiwpiratiun cur- 
rent; H. -Heater; 1, 11. ^Thermocouple; 
1, 2. —Junction; Sw. =Swilch; G. *= Mirror 
galvanometer. 
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Table I. Impatiem bahamina. x J939) 
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Table II. Itnpatieni> balsamina 
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Kip. 7. Diurnal chaiipe uf velocity in ImpiUfm, Vlll 12; and in KVaiiniM, VI II 24,22, X I, 
Table V. Fraxinus ; diurnal change of velocity of streaming 



1 rrrr 

it.v 

Time 

1 m./h. 

1 cm. /min. 

VB 22 ^0 

1.08 

1.8 

h. 3^> 

I. 14 

1.9 

7. 

1 . 38 

2.3 

8. 35 

1.8- 

3. I 

52 

2. 04 

.3 4 

1 1 . 2*') 1 

2. 70 

4.5 

12.51 

2. 58 

4.3 

14. X) 

2.28 

3.8 

16. 15 

1.5o 

2.6 

17.30 

1 . 32 

2.2 

18. 34 

1 

1.20 

2.0 

VB 24 6.CX^ 

1.20 

2.0 

6.57 

1 1.44 

2.4 

8.40 

1 . X) 

3.0 

10. W 

2. 40 ' 

4.0 

12. 00 

, 2. 64 

4.4 

14.30 

2. 28 

3.8 

1 7. 05 

1 . 56 

2.6 

18.00 

l.v38 

2.3 

19.20 

1.20 1 

2.0 

20. 10 

1.20 

2.0 

XI 7. 20 

1.20 

2.0 

11.40 

2.70 

4. 5 

!3.00 

1.56 

2.6 

•8.30 

1,20 

! 2.0 
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These results indicate the occurring of two different types. In the first 
(Type the positive deflection declines toward the zero line, but do not reach 
the starting level. In the second (Type II}, it not only reaches this level but 
actually pass it. Moreover, some variations occur in both types. 

With regard to Type I : 

(a) The curve in its return from the maximum positive deflection almost 
reaches the starting level, but does not pass it, running practically along the 
starting level. It is assumed to show no convection. (Fig. 3; TX 12.) 

(b) The curve in its return from the maximum positive deflection does not 
attain the original level, (Fig. 3; VIII 26. ) 

These inflections in vsome cases may indicate the arrival of a certain amount 
of heat transported by a moving liquid, which, however, is not sufficient, owing 
to dissipation, to bring the curve back to the starting level. The record of such 
experiments are not included in the table (e, g. curves IX 10, IX 12, VIII 26, VTH 
27 shown in Fig. 3). 

With regard to Type II : 

(a) The dip below the starting level on the declining arm of the curve is 
gradual, as is also the case in its climbing back again to the original level. 
(Fig. 3; VIII 23, 1 and 2. Fig. 4. ) 

It is probably due to the gradual spreading of heat in the moving metarial 
or into the surrounding tissues, as the result of slow movement of the heated 
liquid. 

(b) The recovery from the first deflection, and the turning from the negative 
excurtion to the starting level are very rapid. (Fig. 3 ; IX 4. ) 

It appears to be associated with a rapid movement of heated material, which 
traverses the distance between the heater and the distant junction so quickly 
that little spread of heat has occurred 'in the moving substance or into the 
adjacent tissues. As was pointed out before, the Second Type of curve indi- 
cates that heat has been transmitted to the more distant junction, granted that 
external disturbances are eliminated. When Type II is encountered we may be 
sure that there has been realized the transportation of heat, and hence the 
movement of material in the stem. 

Experiment A, 

Where the two couples, one above the heater and one below, were supply- 
ing records, two results are obtained in experiments concerned. In these ex- 
periments upward and downward movements were both recorded as positive 
deflection. The rapid movement upwards shown in the experiments indicates 
that the transpiration current in the stem provides a vehicle for ‘the upwarc 
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tranmission of the haat. 

The question as to the tissues which provide the channels for the moving 
matter naturally obtrudes itself. The very rapid movement upwards shown in 
the experiments, however, indicates that the transpiration current in the wood 
provides a vehicle for the upward transmission of the heat. iThis view has been 
confirmed by a few experiments, where extirpation of the bark above the heater 
did not markedly diminish the downward sweep of the recording curve below 
the starting level. Hence, with suitable rcvservations, we may at present assume 
that part of the curve records the transportation of heat in the transpiration 
current. 



Fig. 8. Pra.vinus, Carve A nhowH rapid carr(*nt <>/ traaMpiratiou with velocity of 1,7 cin./mia; 
0iirve B shows a downwHnI raovoment witi^ a velocity of !.3 cm./iaiu. Arrows show the lime 
mf heat application. 

The thermoelectric method alloWvS the estirxiiition of approximate velocities 
of the transpiration current in perfectly intact plants, which have been subjected 
to no organic interference. A few experiments made do not contradict the view 
that the movement has taken place in the vessel. 

It has generally been considered (until recently) that mineral nutrients ab- 
sorbed from the soil were carried upwards in solution in the water of transpi- 
ration current, passing through the xylem, and the material eiavorated in the 
leaves passes down through the phloem of the bark. Cortis concludes that the 
ringing experiments offer strong evidence that nutrients are chiefly carried 
through the phloem. 

Attempts of many sorts were made by Birch-Hirschfeli» to bring about a 
rapid movement of lithium nitrate or eosin through phloem and parenchyma 
tisanes. When lithium salts or eosin were introduced into the xylem, they were 
quickly carried through the plant, not only toward the transpiring leaves but also 
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backwards to leafless parts. Since the phloem seems incapable of carrying 
solutes at the necessary rates, whereas the xylem carries introduced solutions 
with great rapidity in both directions, she suggested that it is possible that the 
iQriem is the normal path of backward transport. 

DrxoN and his associates supported the suggestion that a backward transport 
through the xylem is normal. Kastkns considered that foods are carried in both 
directions through the xylem and not the phloem, and that the disturbed growth 
responses following ringing are to be explained on the grounds that special hor- 
mones controlling behavior are transported through the phloem. Ma( Doi (;ai, as 
a result of anatomical and injection studies, concludes that in conifers water 
with its contained solutes rises in the inner layers of the wood, and that possi- 
bly sugars are carried downward in the outermost layers of wood, which are 
not directly connected anatomically with the leaves. Arndt, as a result of in- 
jection experiments, found the rapid movement of eosin both upwards and 
downwards through the outer xylem layers, even when all effects due to unequal 
gas pressure, capillarity, and saturation deficits were supposedly eliminated. 
This led him to suggest that the xylem is normally concerned in transport in 
both directions, but that the mechanism involved is unknown. 

Experiment B. 

In the case of such experiments mentioned above I should have taken into 
consideration the effects of heat conduction. Of course, on lying the stem hori- 
zontally the effects of convection may be eliminated, but heat conduction, specially 
in the slow streaming, may cause a serious error. 

Hitherto, Huber (1932), Baumgartner (1934), Huber and Schmidt (1936), Dixon 
(1937j, Rouschal (1939) and others had reported the thermoelectric measuring of 
the sap streaming, where measuring ’distances ifrom heater to thermojunction 
were 4 cm. or more apart. After Huber, 4 cm. distance between the heater and 
thermojunctions in the ordinary thermoelectric method is unsuitable to measure 
the slow movement of sap about 1 cm. per min. (60 cm./h.) or slower. In reduc- 
ing the distance, on the other hand, there will arise a danger that the heat 
conducted directly through the tissues may lead to rise the temperature of junction 
of couple, and this may be confused with the looked for temperature by moving 
liquid. For that reason it has been taken the compensation arrangement by 
Huber and Schmidt (1937), setting the under junction nearer to the heater the 
i^yper one (e. g. 17 : 20 mm., or 8 : 15 mm. ; ref. Fig. 9.) 

As the conduction of heat through the tissues is spreading uniformly on both 
sides by the law of fall of temperature, the under junction being arranged nearer 
gains over the temperature projection against the upper junction after some 
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seconds on heat application, and causes a deflection of galvanometer to the left 
in the case where the streaming is not in existence. The heat will pass over 
and diminish in tissues. The upper junction being more distant becomes warm 
later than the under one, so that the temperature difference between two junctions 
will be gradually eliminated and the galvanometer deflection towards right be 
increased in magnitude till the maximum is attained, and be back again to 
zero, finally. 

Now in living plants, due to the transpiration streaming in vessels, the upper 
junction must touch earlier than the under one with the ascending warm wave, 
being the combination of heat conduction and 
streaming. The heat conveyed to the upper 
junction (down stream) by the moving liquid 
has to change the direction of deflection from 
left towards right as in Fig. 10, finally return- 
ing to zero, when the heated liquid has passed. 

In this case an early turn of galvanometer de- 
flection from left to right must be observed 
as compared with the former case (stream is 
not in existence). 

The time of early turn of deflection is a 
measure for the velocity of transpiration 
streaming. When the velocity of streaming 
compared with conduction of heat is so rapid, 
the deflection of galvanometer lean to the right 
directly. 

The limit of sensitiveness of this method 
after Hcinck is enough to measure the velocity 
of slow movement about! mm. /min., (5cm-/h\ 

The absolute accuracy of this method depends on the determination of turning 
p<jint in the case of no streaming (under the control of transpiration). The 
relation between the velocity of streaming and the time needed for the turning 
of galvanometer deflection in the compensation method is formulated as follows : 

In the case of transpirating plant, the time interval ^in vsec. from the heat 
application up to the deflection turning (under the base line) is put t which is 
liable to change by the velocity of streaming. The corresponding time interval 
in sec. in the case of conducted heat, which may really occur by the suspension 
of transpiration by means of raining upon or by cutting off the stem, is put fo- 
The calculation of velocity of streaming (Kjt) is carried out by the formula 


stAjUm 



Fi^. ^ \i rHrv^!ineat of thormo- 
Ciniplen in coinp'riHating principle. 
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I 

II 

111 

l\' 

\' 

V! 


tniu. HOC. 

I :v:). 0 


rnin. nee. 


I 


2^.0 
58.0 
48. 0 

:v,. 0 
:w. 2 


4 0.6 
3 24.2 
2 42.6 
1 42.4 

Fi^, 10. ciirv(*, tio Htrcaniiii^; with HtrfiainLri;/. 


s t{Vk -i- V^) s — 20 mm. distance. 

^ —V, Velocity of pure heat conduction, 

constant value for definite plant indi- 

V} - ' vidual. 

»o 

Then 

Vi = ^ ^ cm./sec. 

I to 

The time of the first turning jjoint of deflection depends naturally on the 
velocity of streaming and is proportional to it, so that in the case of a very 
alow movement of the stream, t will come to coincide with fa- 

Among others, the heat intensity has almost no effect on the measurement 
of streaming velocity (in the case of heating duration 3~6 sec. ), while the cow 
duction of heat depends on the heat intensity. 

Measurment of t„ -— stt^, is the expression of heat conduction and has the 
constant value for definite plant tissue. To measure the value to the streaming 
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is stopped artificially by cutting the stem tip about 20 cm. long and applying 
with vaseline on the cut surface. Thermocouples are arranged at the distances 
ef 6 and 10 mm. from heater on both sides of it as indicated above (Fig. 91 


Table VI. Galvanometer deflction in scale division, 


Time after 
heating 

Kjcarnple I 

Time after 
heating 

•> Time after 

Example 2 

Example 3 

loiu. 

Hec. 


1 min. 

sec. 

1, Tnin. 

HCC. 



0 

0. 


0 

: 0. 00 j 

0 

0. 00 


1^3 

-0.30 


15 

1 i: 

15 

-0.40 


30 

-2.80 


30 

' -2.30 ! 

30 

-2. 10 



-6. CX) 


45 

1 -4.60 

45 

- 4.30 

1 

0 

-6. 60 

1 

0 

- 6.20 ! 1 

0 

-*5.50 

J 

7.5 

-6. 75 

1 

8 

1 -*f>.60 ' I 

1C. 5 

- 5. 90 

] 

15 

-6. 40 

1 

15 

; -6.30 i 1 

15 

-5.80 

1 

30 

-5. 

1 

3,0 

1 -5.60 1 1 

30 

-5.4c; 

I 

45 

-4.40 

1 

45 

1 -5,a3 I 

45 

-5. 10 

2 

0 

-3.. 90 

2 

0 

-4.2t3 ' 2 

0 
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2 

J5 
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15 
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r 

*-2.80 

2 

30 

, -2.85 

•y 

;x) 
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2 

45 
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45 

' -3.CX5 i 2 

45 

10 

3 

() 
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3. 

0 

' -2.30 1 3 

0 

- 1 . 85 


15 

i - I . (>0 

3 

15 

1 -2. 10 ' 3 

15 

- 1.70 


:k) 1 

j -1.35 

1 

3 


1 -1.70 i 

30 

- 1 . 50 

3 

45 

1 - 1.00 

3 

45 

' -1.40 '■ 3 

1 

45 

- 1.30 

4 

0 

1 

p 

00 

X.T' 

'i 

0 

1 -1.40 I; 4 

0 1 
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Fig*- ii- Inii <»f galvBuoTiiPtt^r f<»r the determination of in ImjufiertJf. 

The galvanometer deflections are observed in every 15 sec. from heat application, 
and the first turning point is sbught. Some examples are given in Table VT, 
and vistialixcd in Fig. 11. 

to is found to be 67. 5 sec- — 70. 5 sec*, and deflections return to atoro in about 
five minutes* 
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^ in 

Then, ^ = 0. 1481 mm. /sec. 

or 8. 886 cm. /min. 

or 53. 31 cm. /h. in maximum 

f - = 0. 1418 mm. /sec. 

*0 « u. 5 

or 8. 505 cm. /min. 

or 51. 04 cm. /h. in minimum. 

Average 8. 742 mm. /min. 

It is also determined that no deflection may be observed in the case, where 
the jimction distances on both sides from the heater are taken equal. When 
the streaming is in existence, however, the deflection run towards one side only 
by the heat brought with the stream, so that the time at the beginning of 
deflection from heat application is a number concerned with velocity, compen- 
sating the effect of heat conduction. Some results are given in Tab. Vfl and 
shown in Fig. 12. 


Table VII. Impaiiens 



Time 

Distance of junction on 
both sides of heater 

I3eginuing of t^alv. 

1 deflection after 

1 

V^el city of stream 

X 

11, 

M. 10 

)5 inrn. 

1^.0 HOC. 

4.73 cm/min 

X 

11, 

14.^5 

\‘j 

15.5 

5.80 

X 

11, 

15,06 

15 

16.0 

5.62 



The comparative study of velocity of streaming and of h€*at conduction by 
the compensation method, taking the i^)-8tream junction nearer than down-stream 
one has shown that, if the both velocities are equal or the streaming is slower 
than the conduction, the heat may first be conducted to nearer up-stream junction 
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and cause a deflection to the negative direction, meanwhile the heat transmission 
by the stream induces thereafter the deflection to turn beyond zero to the posi- 
tive direction. In fact, however, the velocity of streaming is faster than the 
conduction of heat, so that the deflection is from the onset to positive direction 
due to the heat transmission by moving liquids, and then it returns to zero, 
followed by negative deflection due to the conducted heat, as shown in Fig. 13. 



FiK. 13. 

The calculations of the velocity in the case of Impatiens by the formula 

5 S S 

Vk^ . ^ \ where the . conduction of heat - 8.74 mm./min., are given in 

r 4(J, C;) 

Tab. VIII, 


Table VIII 


Y I ^X 60 I C(<ri'ected velocity cni./min. 

0. i 3. 24 cm. y mill. 2.366 Cl. 41 m./ii.) 

0.526 j 3. 15 cm./min, 2.282 Cl. 36 m./h.) 

1.23 I 7.50cm./miiL 6.626 C3. 97 m./i\.) 


, SUMMARY 

1. The writer has studied on the velocity of transpiration stream of Impatiem 
and some other plants with thermocouples. The thermocouples were made of 
constantan and copper elements with enough sensibility to measure the velocity. 
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2* The general velocity in ImpatUns is 3-7 m./h., in Clematis 1.02 m./h-,in 
F)raxhms 2. 7 m./h. in maximum. 

3. The upward and downward movements were recorded so as to give the 
positive deflection from which it was established that the xylem is normally 
concerned in transport to both directions, but that the mechanism involved is 
unknown. 

4. The compensation method (Hi hkr and Sjimidi 1937) is tried to measure 
the velocity in the case of slow movement, calculating the velocity by formula, 

" t 

where the s/t^ is the conduction of heat and generally gives the constant value 
for a definite material. In hnpatiens sfto — 8.74 mm. /min. in average. The 
velocity found in normal condition must be corrected by s/fy. 

6. The compensation method is approved for slow movement, being that 
the galvanometer deflections differ in the slow streaming compared with last 
one. The experiments were also made in the extreme case where no streaming 
is provable. 

6. On the assimilation stream it is not yet proved, but it seems to be 

possible. 
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117) X 8alix Yuhkii^^ Kimlra hyb. nov. (Fig. 1). 

~ Salix Babylonica L. var. Lavallei Dode x S. hondoensis Koidzumj. 

Descr. specim. original. : Arbor habitu ad S. Babylonicam appropinquat, 12 m 
alta, coma fere rotundata, trunco circiter 50 cm diametiente, cortice sordide 
cinereo-fusco longitudine irregulariter rimoso. Rami ramulique penduli (non 
recte pendulissimi ut in quibusdam formis S. Babylonicae). Ramuli gracillimi 
laeves 40-96 (-133; cm longi; homotini in aestate virides, superne minutissime 
pubescentes, interne glabrescentes, annotini glabri nitentes, vetustiores cineras- 
centes. Gemmae amentiferae (primo auctumno visae) oblongo-ovatae vel ovatae 
apice obtusissimae, latere vix vel obtuse carinatae, virides pubescentes, 5-5 5 mm 
longae, 2-2.5 mm latae. Caiaphylla sterilium ramulorum obovato-elliptica vel 
obovato-oblonga, apice obtusa ad obtusissima, basi cuneata brevissime petiolata> 
margine integriuscula vel integra vel obsolete serrulata, supra glabra, subtue 
undique vel secus costam adpresse villoso-sericea, prima 9.5-13x4.5-6 mm, pro- 
xima 11-16.5x4.8-6.3 mm magna. Folia recentissima sub vernatione convoluta, 
utrinque albo-sericea. Folia adidta chartacea, interstitiis 0 8-2.3 cm longis dissita. 
inferiora minora lanceolata infra medium latiora, suprema nonnumquam lineari* 
lanceolata (iis S, Babylonicae simillima), ceterum plerumque anguste lanceolata 
vel anguste oblongodanceolata, infra medium latiora vel lateribus fere parallelis, 
apice sensim attenuato-acuminata, basi margine leviter convexo acuta ad obtusis- 
sima, margine crenato-serrulata, serraturis in medio folii 4-6 pro 1 cm, supra 
viridia nitentia, subtus albo-glauca, utrinque primo parce adpresseque pilosa, demum 
glaberrima, 8 8-13 cm longa, 1.2-2.2(-2.7) cm lata, (4.4-)5.7-6.8 -7.3j-plo longiora quam 
latiora; costa pallida, supra convexa vSub lente pilis minutissimis pubescente (basi 
densius}, infra valde prominente pilis adpressis acroscopicis pubescente demum 

Opusculum hoc ost offectuin per Hiimptun “ Ka;fakukeakynhi ” mitii donatos ab Ministerio 
Educationlg pro inve«tig’ationibaB acit*ntiarniri. 

Nomen lioc tledi in hon<jrem amici aniiciHaimi YostuMi Yuhki florae boreal i-hondoensia 
peritiHflimi auctorisque Florolae Yamagata-Frefeclurai^anae, 
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fere glabrescente ; nervis primariis leviter arcuatis, utrinque (infra distinctius) 
«levatis, utroque latere lS-22, a costa sub angulis 30'^“50^ proficiscentibus, ante 
marginem flexuosis adscendentibus proximosque attingentibus, secundariis tenuibus 
irregularibus cum tertiis anastomosantibus, intermediis 1-3 evolutis. PetioU semi- 
tjeretes, supra canaliculati vel basi sulcata excepta fere plani, pubescentes, infra 
convexi prime pubescentes demum glabrescentes, 4-10 mm longi. Stiptdae oblique 
ovatae vel semicordatae, apice argute acuminatae vel acutae, margine distincte 
vel obsolete serrulatae, rare 
integrae 30x2.0, 5.3x30, 

6.8 X 3.7, 7.5x4 0, 9.5 x 5.0 mm 
etc. magnae, supra virides basi 
glandulls vel paucis vel nume- 
rosis praeditae, infra glaucae 
utrinque pubescentes. Amenta 
^ coaetanea, densiflora, longe 
cylindrica, apice obUisa, recte 
vel leviter curvula, foliato- 
pedunculata, 20--28 mm longa, 
circiter 5 mm crassa; rhachi- 
dibus dense pubescentibus ; 
pedunculis 5-9 mm longis, se- 
riceis vel tomentoso-sericeis. 

Cataphylla pedunculi 3-5, in- 
feriora obovato-elliptica, ob- 
ovato-oblonga, apice obtusis- 
sima ad rotimdata, superiora 
oblanceolato-oblonga, apice ob- 
tusa vel late acutiuscula, basi 
cuneata brevissime vel brevi- 
ter petiolata, margine integerrima vel obsoletissime serrulata, supra glabra, subtus 
dilute glaucina undique vel secus costam sericea, infima 9-14x4 8-6 5 ram, ijsecunda 
13-18x5-6.5 ram, tertia 14-21x6-7 5 mm, quarta et quinta circiter 27-29 x 8.5! mm 
magna. Bracteolae ellipticae vel ovato-ellipticae, apice truncato-rotundatae ivel 
obtusissimae, intus concavae basi paucipilosa excepta glabrae, extus convexae 
dimidia superiore parte glabrae, ceterum sericeo-pubescentes, concolores pallide 
flavo-virides, persistentes, 2-2.5 mm longae, fere 1^2 (in expansione 1.4) mm latae. 
Glandula una ventralis crassiuscula late ovata apice obtusissima, 0.6-0.7 mm 
longa, 0.5-06 mm lata. Ovaria viridia ovato-conica, leviter obcompressa, sub- 



Fig. 1. Salix Yiihkn Kimuka. StirpH origiualia, 
die 24 Sept. 1949 phot(>^?raphata. 
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se«silia, dimidia superiore glabra, inferiore albo-sericea, l,6-“2.0 mm longa, 0.8- 
0.9 mm lata, apicem bracteolae superantia; stylis brevissimis obc'ompressis 0.2- 
0.3 mm longis. Stigmata anguste cuneata pallide flavo-viridia, apice Integra vel 
emarginata vel bifida, plerumque subcircinatim valde reflexa, 0 8 1.2 mm longa. 
' Oyula in qnaque placenta 2. 

Nom. Jap. Yuki'Sidare Kimtra nom. nov. 

Hab. in Japonia (cult.;. Honsyn. Prov. Uzen • Yonezawa, A. Kimtkx n. 3046 
H- Ctypusll 24 Apr. 1950 in Herb. A. KiMrR.\, fol. [typus fob 24 Sept. 1949, fl. 
26 Apr. 1949). 

Habitu et character] bus inter 5. Babylonicam var. iMvallei et S. hondoemem 
ambigit forsan ex iis hybrida. Ad illam vergens praecipue ramis ramulisque 
pendults et stylis brevissimis,- ad hanc autem crassitie longitudine et vestimento 
ramulorum, figura et pilositate cataphyllorum foliorumque plurimorum adultorum, 
forma et magnitudine amentorum stigmatumque. Foliorum apicis figura et ova- 
ria dimidia inferiore sericea inter parentes fere media. — Non absimilis esse 
▼idetur S. mutsiiensi Kninzi Mii sed ovariis dimidio superiore glabris. bracteolis 
cxtus inferiore sericeo-piibescentibus distinguitur. 

118) ToIsuku cardiophylla (Tk.vctvk.ttf.k & Mfykk) Kimukv in Bot. Mag. Tokyo 
XLII. p, 288 (1928); in Jour. Fac. Agr. Hokkaido Imp. Univ. XXVI. 4. p. 396 (1934) 
(Miyabe & Kudo, Fl. Hokkaido & Saghal. IV.); in Jour. Jap. Bot. XXIV. p. 64 
(1949). — Makino & NexMoio, Fl. Jap, ed. 2, p. 175 T931\ Nf.moio, Fl. Jap. Suppl, p. 
118 (1936).— Honda, Nom. PI. Jap. p. 46 (1939). 

Syn. Salix cardiophylla TKArrvKn KK & Mfakr in MroDENDOKFi , Reise Sibir. I. 
pt. 2, Bot. abt. 2. p. 77, t. 19, 20»-i (1856) (Fl. Ochot. ). --Na.^arov in Kc^makov, FI. 
URSS, V. p. 207 (1936); in Fkdtschknko, Fl. Transbaical. p. 193, f. 1-10 (1937). 

Ad descriptionem originalem adde : Ameyita 3.0-5 0 cm longa, 7-10 mm 
crassa, rhachidibus parce pubescentibus. Fl. ^ : Bracteolae concolores, obovato- 
ortnculares vel cuneato-obovatae, apice irregulariter undulato-rotundatae, margine 
ciliatae, extus glabrae, intus concavae f glabrae vel parce pubescente.s, 2.7x2.0, 
3.0 X 2.3, 2.8x17, 3.0x18 mm etc. magnae. Glandulae plerumque 2, ventralis et 
dorsalis, sed nonnumquam a latere minimae evolutae; ventralis ovata vel ova- 
Us vel obovata, apice rotundata vel truncata, 0.4-0.6 mm longa, 0.3-0.4 mm 
lata, interdum apice leviter bifida inde circiter 06 mm lata; dorsalis oblongo- 
obovata vel obovata, apice truncato-rotundata, 0.4-0.6 mm longa, 0.3 mm lata* 
Stamina 5-6, si 5 adsunt modo Choseniac disposita, filamentis liberis infra fere 
medium pilosis, 3 6-4.3 mm longis. Antherae luteae ovales 0.4-08 mm longae. 

O De littemtara roliqua confer KmuK \ op. cit. p. 396 (1934). 
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Amenta ^ bracteolis fere deciduis 5-6-11 cm longa, 0.9-1.2 cm craasa, rhachidi* 
bus glabris vel minute pubeecentibus. FI. ^ ; Bracteolae concolores caducae, 
obovato-ellipticae, apice rotundatae vel truncatae, ieviter irregularitoi*que undu- 
latae, margine parce ciliatae^ utrinque glabrae vel 
intus tantum sparsim pubescentes, 2.6~3.0 mm longae, 

1.4-16 mm latae. Glandulae. duae aequiformes, ad 
basin stipitis ovarii posticodateraliter sitae, ohlon^e 
vel linear cs 'Fig. 2^ apice obtusissimae, 0.5 0-8 mm 
longae. Ovaria (tantum inter fructus remanentia 
visa) ex ovata basi elongato-conica, Ieviter obcom- 
pressa glaberrima, circiter 2 0-25 mm longa, 0.7- 
0^ mm lata, stipitibus glaberrimis glandulam primo 
aequantibus deinde superantibus, 0.6-1.0 mm longis. 

Styli obcompressi bifidi circiter 0.8 mm longi, laciniis 
circiter 0.5 mm longis. Stigmata cum dimidio supe> 
riore styli decidua bifida, laciniis linearibus divaricatis 
0.3-0.7 mm longis. Capsulae decidendi tempore brae- 
teolarum prope apicem stipitis valde reflexae (quidem 
sub angulis 65^-90"' maxime ad nKxlum Cho^rniae 
(Fig. 2\ 

Nom. Jap. Karahuto dbayanagi & Mn\KF, 

FI. Saghal. p. 424 an. 1915). 

Specimina examinata‘\ Manshuria inter Tkken- 
ya & Kihsingkou, (M. T \ i fwaki n. 1768 $ 17 Jim. 1943 ; 
n. 1771 St. 17 Jun. 1943:; inter Kihsingkou & Argun, 

(M. T.vi kwaki n. 1824 18 Jun. 1943). Sachalin austr. ; 

H. Tirikorogawa, iM. T.ntkwakj <Sr Y. Takahashj n. 

22827 n. 22829 n. 22826 n. 22822 n. 22824 25 Jun. 1936). 

Haec species a Toisusu Urbamana Kimcka bene differ! foliis adultis minoribuB, 
ovatis vel ovato-ellipticis vel ellipticis (nee oblongo-ellipticis nec oblongo-Ian- 
ceolatis), tenuiter chartaceis inec coriaceis', utrinque semper glaberrimis, apice 
subito acuminatis vel acutis (nec gradatim longe attenuato-acuminatis), basi 
plerumque cordatis, margine densius et saepe subhamulose serrulatis (nec grosse 
crenato-denticulatis), 1.6-2.0-pIo (nec 2 5 S-plo) longioribus quam latioribus, amen- 
tis ^ minoribus, glandulis llorum oblongis vel linearibus mec globosis), capsulia 
demum valde reflexis et ceteris notis. 

Hie grtttias ago cl. Dr. M. Tatkwaki, Profow^ori Jlotauicao Hokkaido Universitate Sap- 
poreiifli, qui uiihi sniuma liberaJitate specimina haec pretifwa targitus ost. 



2. co,rdiop/kyUa 

KiMuiiA. Capeula cum 
^"iaiululis, cx Tatkwaci 
tk IHkaji.^hhi u. 22826, 
<11. *5. 
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119) Salix rabftagilis Anderssok in Mem. Am. Acad. Arts Sci. n. ser. VI. p. 460 
(1859) (Gray, Bot. Jap. ). — Black apud Hooker in Hodg.son, A Residence at Nagasaki 
& Hakodate etc. p. 342 (1961); in Bonplandia X:6, p. 96 (1862) (System. Verzeichnis 
aller seit Thunberg in Japan gesammellen Pdanzen). — Franciiet & Savatier, Enum. 
^1. Jap. 11:1, p. 502 (1879). — Seemf.n, Salic. Jap. p. 74 (1903). — Schneider in Sargent, 
Pi, Wilson. III. p. 179 (1916). — Kimura in Jour.' Fac. Agr. Hokkaido Imp. Univ. XXVI. 4, 
p. 462 (1934) (Miyahe & Kudo, FI. Hokkaido & Saghal. IV.); in Acta Phytolax. & 
Geobot. XIII. p. 188 (1943). — Nkmoto, FI. Jap. Suppl. p. 115 (1936). Honda, Norn. PI 
Jap. p. 45 (1939). 

Syn. SaJix mpponica Franchet & Savatier, Enum. PI. Jap. I. p. 495 il875) 
nom. ; II : 1, p, 502 (1876). 

Salix triandra L. var. nipponica (Francu. & Sav.) Skemen, Salic. Jap. p. 27, t. 2. 
fig. E-J (1903). — Kimura in Jour. Fac. Agr. Hokkaido Imp. Univ. XXVI. 4, p. 401 
(1934) (Miyabe & Kudo, F1. Hokkaido & Saghal. IV.). 

Nom. Jap. Tatiyanagi Matsumura, Nippon Shokubutsumeii p. 170 (1884). 

Hanc speciem quae nobis longe fuit obscuram cum Salice nipponica F ranch. 
& Sav. certe esse identicam concludo; confer etiam Kimura in Acta Phytotax. & 
Geobot. XIII. p. 188 (1943). 

120) Hallx Pet'Slisii Kimura in Sci. Rep. T6hoku Imp. Univ. 4 ser. Biol. XII. p. 
317 (1937) (Symbol. Iteolog. IV, ). — Honda, Nom. PI. Jap. p. 44 (1939). 

Syn. Salix sp, Maisumura, Cat. PI. Herb. Coll. Sci. Imp. Univ. p. 182 (1886). 
Salix viminalis (non Linnaeus) Sugiyama, Hokkaido-Zyumokusiryo n. 158 (1890). 
Salix viminalis L. var. yezoensis S( hneidek in Sargent, PI. Wilson. Ill, p. 158 
(1916). 

Salix Gmelini Pallas var. yezoensis Kimura in litt. ex G5rz, Sched. ad fasc. I. 
Salic. Asiat. p. 16(1913). 

Salix yezoensis Kimura in Bol. Mag. Tokyo XLV. p. 28 (1931). 

Salix serotina Pallas var. yezoensis Kimura ex G6kz in Fedde, Rep. Sp. Nov. 
XXXVI. p. 26 (1934) (G6rz, Sched. ad fasc. III. Salic. Asiat.) in nota ad S. serotinam> 
Nom. Jap. Yezono-kinuyanagi Kimura in Jour. Fac. Agr. Hokkaido Imp. Univ. 
XXVI. 4, p. 430 (1934) (Miyabe & Kudo, FI. Hokkaido & Saghal. IV.) 

Hab. in Japonia (Yezo & Honsyu maxime septentrionali), Sachalin. — Specimina 
notabilia propter distributionem : Honsyn. Prov. Mutu: Uchimappe, (S. Murai n. 
59 JSi fr. 24 Maio 1930); SinzyO, (S. Murai n. 10 $ fl. 8 Maio 1932, fol. 19 Aug. 
1932; n, 91 st. 19 Aug. 1932. —A. Kimura n. 911 fl., n. 912 $ fl. 8 Maio 1937; n. 

O De aynonymiB amplia confer Kimura in J(iur. Fao. Agr. Hokkaido Imp. Univ. XXVI. 

4, p. 401 Cl 934% 

Pe litteratura eynonymoruin reliqna confer Kimura op. cit. p. 317 Cl 937). 
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2773 St. 7 Aug. 1938) ; Ohata, (S. Kitamura st. 26 Jun. 1940) -Prov. Ugo : Higasitate- 
mura» (M. Matuda n. 5 st. 18 Jun. 1939); Nanakura-mura, (G. Kotf. n. 40 st. 2 Jul. 
1939); Akita, (G. Koif. n. 43 gemm. 11 Feb. 1940. ^ fl. 13 Apr. 1940, fol. 17 Oct 
1939; n 53 n. 54 n. 55 n. 56 n. 57 n. 59 ^ fl. 13 Apr. 1940, fot 
6 Oct. 1940). - -Prov. Rikutyu : prope Miyako, (A. Kimi ka n. 2889 st., n. 2890 st. 17 
Oct. 1940). 

Hucusque sita esse videtur finis distribulionis australis hujus Salicis in locis 
supra ritatis. 

121) Salix gracllisiyloitles Kimura in Bot. Mag. Tokyo XL. p. 8 (1926). 

rnslr sy K i.muka mstr. nov. 

Stamina [)leriimque. 4-5, raro 2 vel 3, filamentis ad apicem usque vel alte 
connatis. -I)t‘scr. spcx'im. original. : — Anu nta ^ pr^ecoc’m obiongo-cylindrica 3.7- 
5.2 cm longa ad 2.2 cm crassa, sessilia vel subs(;ssilia, basi cataphyllis sessilibus 
2 3 oblong is vel elliptico-oblongis apice late acutis, supra glabris subtus villosis, 
ad 7 \(;mm magiiis, vulgo reilexis instructa. ovato-lanceolatae, apice 

aciitae vel acuminato-acutae nigrescentes, medio rubrae, basi flavo viridescentes, 
Litrincpie villosae, 4-5 mm longae vix 1*5 mm latae Glandula una ventralis 
linearis, apice truncata, obcomprcvssa, apicem versus incurvala, circiter 1.7 mm 
longa ; stamina 4-5 raro 2 vel 3, filamentis glabris ad 10 mm longis, aut alte aut 
prorsus in unum validum apicem versus obcompressum connatis; antherae ante 
explicatinnem rubrae plus minusve oblique ovales circiler 1 mm longae. Cetera 
ut in typica. 

Hab. ill Japonia. Honsyn. — l^rov. Settu: in paludibus graminosis montis Rok- 
kosan. A. Kimuka n. 444 ^ fi Ftypus msir.l in Herb. A. Kimi ka, 13 Apr. 1926, fol. 
11 Jun. 1926). 

122: Salix NakiiinuraiiJi Koidzi^mi in Bot. Mag. Tokyo XXVH. p. 26 (1913;. 

mstr. inullieapsnluris Kimura mstr. nov. 

r)es(’r. specim. original. — Anwnto coaetanea in pedunculis folia perfecta 3-4 
gerentibus e gemma lateral! ramuli anniculi prodeuntia, obiongo-cylindrica 16 
mm longa 8 -9 mm crassa, rhachidibus sericeis. Brarteolac apice acutae deorsiim 
obkmgae, utrinque sericeo-villosae, dimidia superiore parte brunnescentes, basi 
pallidae. circiter 2.8 mm longae 1 mm latae, pleraeque 3-nervatae. GlandulQ 
una ventralis ovato-rectangularis, apice truncata interduin leviter emarginata. 
circiter 1 mm longa et ad basin vix 1 mm lata, baud raro utrobique vel solum 
latere altero laciniata, lacinils nunc brevibus obtusis nunc longis (0.8, 2, 2.5 mm 

o Synpolyandra, categoria nova Salicum moustroaitatifi.— Hanc prupriani combinatioiiem 
aiainiunin et aur€$i8 nnmeri e(;rum eynpolyanclram nomiuari propono. 
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vel ultra) filiformibus, inde saepius curvulis apice leviter capitatis vel dilalatis 
et papilliferis. Ovaria vul^o 2-4 sub sinj?ulis bracleolis, carpophyllis sinijculis 
formala, omnia libera vel quorum 2-3 nonnumquam ad basin vel alte connata, e 
hasi ovata elonj^ato-conica, paiici vel sparse pilosa, 2-2.5 mm longa ().5M)-5 mm 
crassa; carpopiiyllis mar^?ine vulgo complete commissis, raro paiiim dehiscentibus , 
stipitibus jajlabris, liberis vel connatis 0.5~0.6 mm lon.qis; styliv^ ^^labris elon^^atis 
12-lS mm vel ultra lon^^is; sti^ntihus profunde bilobatis, laciniis linearibus 
erecto>patentibus 0.5-L0 mm lonKi^s. Cetera ut in lypica. 

Hab, in Japonia. llonsyn. Prov. Sinano in rej^ionibus alpinis inonlis Yatu- 
galake, inter saxa et rapes, (A. Kivckv n. 1243 fl-ftypus mslrj in Herb A KrnK\, 
10 Jul. 1926; n. 1244 ti. 10 Jul. 1926Y 

123) Salix subopposita Mtmuii in Ann. Mus. Hot Lugd. Hat. III. p. 28 1867 

mstr. bi^laiidnloKji Kimitka mstr. nov. 

Flores $ omnium amentorum glandulis duobus (ventrali et dorsali) instrui ti. — 
Descr. specim. original. Amenta ^ praecocia in ramulorum siiperioribus partibus 
den>se disposita, ereclo-patula, opposita vel alterna, glol^oso-ellipsoidalia. apn e 
rotundata, densiflora, subsessilia, basi foliolis 2-3 t>bk>ngis inlerdum obli<|uis ses 
silibus, apice obtusissiniiss, supra glabris infra sericeis 2.5-5 mm longis 1.0-1. 7 
mm latis suffulta, 0.9-12.5 mm longa, 0.8-0.9 mm crassa, rhachidibus pube.scen 
Libus, Bracteolae obovalae concavae apice rotundatae ultra medium partem saepe 
rubicundam nigrescentes, basin versus pallide flavo-viridevscentes, antii.'e utrinque 
pilis leviler tlavescentibus villosae, basin versus breviler pubescen.es, 2 mm 
longae 1.2 mm latae. Glandulne 2 luteae, ventralis angusle ovata apice iruncata, 
1.2-1. 3 mm longa, dorsalis linearis apice rotundata, salis anguslior, diinidio fere 
ventralis aequilonga vel minor. Starnina'Z, filamenlis liberis gracilibus ad 5.5 mm 
longis, dimidia inferiore parte sparse pilosis; antheris late orbicularibus 0.8-09 
mm longis. Cetera ut in typica. 

Hab. in Jaixjnia. Kyusyu. Prov. Jlizen in siccis graminosis montis d'enzan, 
(A. Ki.vura n. 1132 ^ tl. Dypus mstr. J in Herb. A. Kimcka, 25 Apr. 1926). 

124) Salix alopochroa Kimur.a^> in Sci. Rep. Tohoku Imp. IJniv. 4 vser. Biol XII. 
p. 100 (1937). 

mstr. atKirogyiia Kimuka mstr. nov. 

Descr. specim. original. — Amenta praecocia, sessilia vel subsessilia, rhachi- 
dibus plerisque pilis albidis pubescentibus. basi pilis ferrugineis vel albidis barbatis, 

O Haiuu ralptnat: ANUEHBPONii Cnt pruxiina, prtuicipue differt CMtftpbylliH aineat onun 
vulgo iiulliR vel j-fttiw miiioribuR, ameutiH maHCtilinin brevioribuR »t(ine cra^niMribnR, 
llt-ribuR ma.HCiOiniH mgjnribuH. 
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foliolis squamosis 2-3 vel nullis, sessilibus ovatis, lanceolato-ovaits vel oblongis, 
apice obtusis vel acutis, margine minute serrulatis, 5.5 x 2^3, 4x2 mm etc. magnis, 
supra fere glabris, subtus pilis ferrugineis micantibusque dense tectis suffulta, 
masculina, feminea et androgyna in uno eodemque frutice ; masculina elliptico- vel 
oblongo-cylindrica 1.6-2 cm longa 0.75-0.9 cm crassa, feminea elongato-cylindrica, 
2.2-3.6 cm longa, 0.G-().8 cm crassa, nyidro^na alia floribus plurimis et ^ paiicis 
(1. 5-2.6 cm longa, 0.9 cm crassa) aut vice versa (3.1 -4.4 cm longa, fere 0.7 cm 
crassa), alia apice et basi (3.5—4 cm longa; pars ^fera 1.1-J.2 cm crassa 
5fcram ad 0.8 ('in crassam longitudine fere aequans vel miilto snperans) aut raro 
vicc‘ versa (par^s ^fera brevior), alia floribus utrisqne sine ordinc mixtis '2. 7-4.8 
cm longa). Hracteolae ovatae vel ovato-oblongae apice obtusissimae dimidia 
sujxmiore parte nigrescentes, circiter 1.5 mm longae 0.8-().9 mm latae, utrinque 
[)iiis ferrugineis vel interdum cum albis mixtis villoso-sericeae, raro parce sericeae. 
Glandula uria ventralis late rectangularis apice truncata vel rotundato-truncata, 
circiter 0.4 mm longa. Stapnina 2, filarnentis liberis glabris ad 5 mm longis, 
antheris ovalibus Ovaria glabra ex ovata basi conica circiter 3 mm, demum 4.5 
mm longa; stipitibus glabris circiter 0.6 mrn longis glandulas 1.5^ vix 2-plo supc^ram 
tibus; stylis glabris 0.4-0.5 mm longis. Sti^ppuitn parva, bifida, lacinii.s erec'to- 
patentibus. Cetera ut typica. 

Hab. in Japonia. Honsyu. Prov. Hoki • prop<" Akamatii. pede montis Daisen, 
(A Kimcka n. 133 fl. f typus m.str. in Herb. A KnuK\. 20 Apr. 1924). 

125) Siilix gracinKlylii MioiiC’ in Ann. Mus. Bot. Liigd. Bat. III. p. 26(1867); 
Prol. Fl. Jap. p. 214 ;1867), 

var. adsceiidens Kimck\ var. nov. 

Ramis ramulisque adscendentibus ne<' declinatis nec pnxumbentibus dignos- 
•cenda. Descr. sixx:im. original. : Friitex 3 m altus, triinco cortice griseo obtecto, 
mox supra solum in ramos validos circiter 8-9 cm crassos dividitur. Rami cinerei 
.tidscendentes fere recti. Ratnidi elongati rectiiisculi adscendentes, hornotini virides 
cinereo-tomentosi basi glabrescentes, annotini olivaceo-virides glabri. Folia reccn- 
tissima dense adpresse albo villosa, sub vernatione convoluta, exqua relaxata 
margine infero leviter revoluta. Folta adulta chartaceo-coriacea interstitiis 1.4- 
2.2 cm longis dissita, oblonga medio latiora, apice acuta vel breviter acuminata, 
basi acuta, margine anguste reflexa praeter basin vulgo integerrimam crenato- 
serrulata, serraturis minute mucronulatis, in medio folii 4-5 pro 1 cm, supra 
saturate viridia infra glaiica, utrinque sericea, supra demum glabrescentia, 7.7- 

J) De litteratiira ainpla imjuH noiniiiis HynonynmnniKjuo cn/ik'r Kimuka in Jour, Kac.A^r. 

Hvjkicaido Imp. Univ. X XVI. 4, p. 4:^ CI934). 
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13 cm longa, 2-3.6 cm lata, 3-4-plo lonj 2 :iora quam latiora ; costa pallida supra 
elevata minute pubescentc, subtus sericea vehementer prominente,- nervis primariis 
supra fere planis subtus prominentibus, leviler arcuatis superne flexuosis, utroque 
^ latere 16-18 a costa vsub an^ulis 40' -50'^ diverj^entibus. secundariis crebris infra 
efevatis inter primaries subparallele transversis, intermediis 1-3. PefioU semi 
teretes ad 1.4 cm lont^i basin versus dilatati supra canaliculati subtus convex! 
velutino-pubescentes. Stipulac obliquf^ ovatae vel oblique an^uslo-ovatae. apice 
obtusae vel obtusissimae, marline fere inte^^rae, supra virides basi >^landuliferae, 
infra glaucae, utrinque sericeae, 6-14,'> mm lonj^Cae 3-8 mm latae‘. Afnenta $ 
praecocia sessilia oblon^o-cylindrica densiOora recta vel leviter curviila. apice 
obtusissima, 4-5 cm loni?a 1. 1-1.2 cm crassa, basi interdum cataphyllis paucis 
squamosis viridibus ovato-oblon^^is siirsum an^uslalis summo obtusis infra albo 
villosis supra praeter apicem inar^inemque ^.^labris infra albo villosis 6 5 2. 

67 x2.5 mm etc. mav^^nis suffulta. Brdcti olnr lanceolalae apice lon^e acuminatae 
3.1-4.0 inm lon^rae 0,8 mm latae, dimidia siiperiore parte niKrescentes medio 
rabrae J^asi davo-viridescentes. utrinque pilis rectis albo-villosae. Glaniula una 
ventralis flavo-viridis linearis apice truncata I.l 1.4 mm Ioin;a. Stamina 2, fila 
mentis .t^labris ad apicem iiscjue connatis 1. 2-5.3 mm lonqis; antherae rectan^^ulo 
ovales ante anthesin rubrae, effnso polline fuscescentes O.S mm lon^ae. 

Nom. Jap. Tati-nckoyananJ Kimi ka nom. nov. 

Hab. in Japonia. llonsyn. Prov. Rikuzen : Sendai. (A. Kimi ra n. 3042 
[t>q)us var.J 11 Mart. 1919 in Herb A Kimika, fol. ’^typus f(d. ' 21 Sept. 1948). 

126) .< Salix seiHbii('a Kimm<\ in Sci. Rep. Tohoku Imj) Univ. 4 ser. Biol. VI. 2, 

p. 196 (1931) (Conlr. Sali('. Jap. IV. ; in Jour. Far. A^r. Hokkaido Imp Univ. XXVl. 
4, p. 439 (1934) (Mivm.i & Kcdo, FI Hokkaido & SaKbal. IV j ; in Hybgoken-Tyntb- 
kydiku-Hakubutugakuzassi VII. p. 203 1941 — Nkmoto. V\ Jap. Suppl. p. 114 U 936,\ 

Hoxda, Nom. PI. Jap. p. 44 (1939. 

Salix Bakko KnirR.v x S. vulpina A.ndi' K^ s()^. 

Descr. specirn. ori.t^inal. ' pyutex circiter 3 m altus. Hamuli teretes as 
cendentes, latere soli a{>erto purpureo-fusci, altero abscondito virides, in sicco 
atrobadii, hornotini in partibus juvenilibus minutissime crispo-pubescentes mox 
glabrescentes, annotini glaberrimi. Kami cinereo- virides. Lignum nudum vibici 
bus distinctis praeditum. Cataphylla sterilium ramulorum subsessilia vel brevis- 
sime petiolata, anguste ovato-elliptica, elliptico-oblonga, elliptico-lanceolata vel 
elliptica, utrinque obtUvsa, margine integerrinia, supra glabra infra villosissima, 
11-17 mm longa 4-6 mm lata, superiora majora. Folia recentissiyna sub vernatione 
convoluta, ex qua relaxata margine infero revoluta, utrinque tomentosa; adulta 
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■chartacea interstitiis 1.3-5 cm lon^is dissila, oblon^^a vel elliptico oblonga vel 
elliptica, plerumque medio latiora, apice acuminata raro acuta, basi margine 
Jeviter convexo vel recti usculo acuta ad obtusissima, margine subundulatim 
crenato denticulata, dentibus in medio folii 2 4 pro 1 cm, semper mucronulatis, 
interdurn satis (jbsoletis subinlegra. supra glabra saturate viridia impressi nervata, 
subtus glaucina pilis curvulis pubcsscentia, 9 18 cm longa, 3.8 ^.8 cm lata, 2.3-3^ 
plo longiora qiiam latiora, inferiora minora; costa supra leviter convexa demum 
glabresconte, subtus vehementer promiuenle pilis curvulis albis saepe cum fer- 
rugineis mixtis tomentella; nervis primariis utrinsecms 9 12, arcuato ascendentibus 
ante marginem flexuosis in medio folii a costa sub angulis 60'^80'^ prope basin 
30"^ -50 proficiscentibus, supra glabris immersis infra prominentibus tomentellis; 
secundariis supra impressis infra elevatis aut crebris subregularibiis aut fere 
irregularibus ; intermtxHis 1-3. Pctioli semiteretes pul)escentes infra dernum 
glabrescentes 1.4-2. t cm longi. Stipulac oblique ovatae vel semicordatae acutae 
denticulatae, utrinque glabrae vel subtus pubesc'entes, supra virides infra glaucinae, 
5 <3, 10x5.5. 15x9, 20x9 mm etc. magnae Arnenta ^ praecocia densiflora, 
oblongo cylindrica apice obtusissima, saepc' sursum paullo angustiora, recta vel 
leviter curvula, 2.'&-5 cm longa 1. 1-1.5 cm crassa. rhachidibus villosis, peduncuHs 
villosis fere ad 9 mm longis, cataphyllis 4-5 forma magnitudineque iis steriiium 
ramubmum simillimis instruct is. Bractcolae oblongae apice obtuse acutae, dimidia 
superiore bnmneae ceterum pallidae, utrinque albo-villosae, 2. 4 -2. 5 mm longae 
0.9-1.0 mm latae. iUandidn una ventralis trapeziformis fere 023 mm longa 0.3 
mm lata. Stamina 2, filamentis liberis ima basi paucipilosis ceterum glabris, 
5^-6 mm longis; antherae luteae ovalCvS 0.8 mm longae. 

Nom. Jap, ScH(lai-yami)^. 

Hab. in Jai>onia, Honsyn. Prov.Rikuzen: prope Sendai, (A.Kimckv n. 2302 S’ 
U. [typus 11 Apr. 1940, in Herb. A. Kimcra fol. [typus fob J 13 JuL 1939. fi. 28 
Apr. 1934;. 
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ON THE SECRETION OF PERTH. IZFN IN THE EGCrS OF A SEA URCHIN. 
STRONGYLOCENTROTVS EULCHERRIMGS ( A. ACiASSIZ)^' 

p.V > Moi OMl KA 

lnnli'ti'i, 7'o'i'>kit I hui (*rmf jj , Sri((fn(,, Jij/'ni 


F.R. Lir.LiK has advanced an interestinK hypothesis that the fertilizable 

condition of the is due to the presence of a soluble colloidal substance, 

fertilizin, which forms a chemical link between the e^j^t and sperm. This sub 
stance is characterized by its a^K^^dut inatin^ edect upon the sperm, and is readily 
detected in egR water. He has demonstrated the production of fertilizin from 
ripe unfertilized eggs of Arbacia and of Nereis, and has shown that tliis sub 
stance is not produced by the fertilized egg. Lorr. (1914^ suggested, on the other 
hand, that the agglutinating stbstance is merely the diSwS<dved jelly that surrounds 
the egg. Recently, Tm.vk (1911, 1948) expressed the opinion that fertilizin is a 
component of the Jelly layer and is not secreted by the riixt eggs. 

In the present ixifxir it is intended to give tlu^ results of observations on the 
mode of secretion of lertilizin by the unfertilized and by the fertilized eggs of a 
sea urchin, Strongyl()rc7it7 otus pulchcrrwius (A. A'^as^i/;. 


MATERIAL AND METHODS 

The material used was a sea urchin, Strongylocctitrotus pulcherrimus ,A. 
Agvs.si/). from Matusima and Asamusi. For the titration of the agglutinating 
power of fertilizin two methods were used. The one is the drop method, in 
which 2 drops of sperm suspension were mixed with 2 drops of testing fluid on 
the depression slide, and then the mixture were (observed under the microscope. 
The other is a modificiation of the ring method. A drop of sperm suspension 
on a slide is covered with a cawer slip, and then a drop of testing fluid is sucked 
in from a side of the cover. The agglutinating reaction is observed at the 
boundary of the two fluids. The former method was ten times sensitive than 
the latter, but the latter was more accurate. 

*) OoutributionH from tlic Marine Biological Station, Ayanuinhi, Aoinorilcon. No. J8S. 

Thene reHearches were aided b}' the Scientific Ue.*^earch Expenditure of the Department 
of Education. 
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SECRETION OF FERTILIZIN BY THE JELLY-LESS 
UNFERTILIZED EGG 

Whether the jelly-less unfertilized egK can secrete the fertilizin or not were 
tested. The jelly coat of the unfertilized egg was removed by placing for 30 
minutes in sea water of pH 4.0 to 4. 8 acidulated with HCl, butyric acid, tartaric 
acid, citric acid, or witli succinic acid. Supermatants were removed by ceri 
triluKuiK the susix^nsions. The were then placed for 20 hours in sea 

water of pH 8.2. The concentration of fertilizin of the jelly solutions as well 
as ot the subsequent sea water extracts were determined by the drop method. 

Table 1 Sctcretion of fertilizin in sea water by the jelly- less 
unfertilized eggs 

.U'lly was rciD'^vcvl uith wat(‘r l<*r 30 iniauto, luiO after tlm tlio 

wen [UiCud in Ht'a wat^'r f<>r 2i) h airs. Ibgrir.s volmue 6. o cc oach. N’oluuiu t»f fiiiicl I4cc 
'('iiialL'ii uiiitH with tiie (Imp nK'Hiod. 



.lelly-tortiliziii , 

Units of cy tofertilizin 

1 Total 

\.r -( UXf- ! 




Moc reted into sea water 


Auidn 1 

Pfl 1 

Units 

within 2u hrs 


I 

11(^1 

d.O 

! 

‘>12 

7o8 


lUity ric 


1 !('21 

-.4 

1088 


Tartaric 

4.0 

1 ‘>12 

512 

1024 

4 

tAtriC 1 

4.2 

1024 

128 

1 r>2 

‘ 

Succuiic 1 

4.8 

1024 

2‘>^> 

128(^ 


The results are shown in fable I The jelly solutions sliowed high concen- 
trations of fertilizin ot 256 U} 1024 units. The sea water extracts of the jelly 
less unltu'tilizecl eggs also showed high concentrations of 64 to 512 units. The 
value was much higer than the expected error. It reveals that the jelly-less 
unfertilized egg secreted the fertilizin into sea water 

Thc' above result shows that the fertilizin is not only a component of the 
jelly but also an inclusion of the unfertilized egg. If so, the totcil amount of 
the lertilizin including the jelly and egg cell will be larger tlian that of the jelly 
fertilizin. A batch of unfertilized eggs were divided equally into eight portions. 
Six of them were placed in acidic sea water acidulated with various acids. A 
portion was centrifuged for removing the jelly. The last one portion was boiled 
for one minute in sea water. The concentrations of fertilizin of those extracts 
were measured by the modified ring method. The result was that a large amount 
of fertilizin was extracted by boiling sea water in comparison with other 
methods (Table II). 
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Table 11. Comparison of the amount of fertilizin extracted by acidic 
sea water and by boiling 

Kgpp volume 03 cc each. Fluid volume 14cc. Acidic sea water was adjusted t^> pH 
43. Titration with the n'lodified riu^r inetluKl, 


1V<». of exp. 

Met h' ‘tin 

1 Units 

I 

IK’l f‘>r 30 minutes 

1 3i 

2 

l^actic acid 


3 

Butyric acid ^ 

32 

4 

(dtric acid ^ 

:c' 

5 

Tartaric acid ^ 

! 32 

6 

Succinic acid v 

‘ 32 

7 

Ckintrifuging f'*r 2 nunutes, lO'.X) rev/miu. 

32 

8 

Sea water l>>iling for 1 minute. 

' I2S 


SOLUBILITY OF CYTOFERTILIZIN 

In the above mentioned observation it was vsuggested that the jelly-less un- 
fertilized eggs secrete the fertilizin into sea water. This portion of the fertilizin 
will be tentatively called the cytofertilizin. 

The solubility of the cytofertilizin in water as well as in 1 Mol solution 
of urea of various pH was tested. A batch of unfertilized eggs were divided 
into three portions. Two of them were centrifuged to remove the jelly, and 
then, boiled for one minute in jyea water of pH 8,3 and 4,5 respectively. A 
strong agglutinating reaction was detected in the former, while it wavS negative 
in the latter. The last one third was placed in HCLvSea water of pH 4.5 to 
remove the jelly, and then boiled in sea water of pH 8.3. This showed also a 


Table III. Solubility of cytofertilizin in sea water of various pH 
Kgga volume 0. cc-eacb. Fluid Vi>lurne I4cc. Titration with modil'icHl ring metliod. 


No. of exp. 

Jelly-fertilizin 


Cytofertilizin 

1 

Total 

Method 

Units 

Meth(»d j 

1 

Units 

I 

Centrifuged lor i 

2 tniiJuteH. 

JOOO r*iv. /min. 

64 

Jelly-less eggs 
were boiled in i 

sea water pH 8. 3 

32 

96 

2 

Centrifuged for 

2 minutea, 

1000 rev. /min. 

64 

Jelly-less eggf? 
were boiled in 
se^i w ater pH 4.5 

0 

64 

1 

3 

HCI-sea water 
<»f pH 4.5 
for 10 minuteH 

32 

Jelly -lees eggs 
were boiled iu 
sea water pi 1 8. 3 

16 

48 
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strong agglutinating reaction. (Table III). It concluded from those observa- 
tions that the cytofertilizin is more soluble in alkaline sea water than in acidic 
sea water. 

The same observation was carried out with non electrolite, 1 Mol urea 
solution. A batch of unfertilized eggs was divided into three equal portions, 
and then centrifuged to remove the jelly. They were then placed for a minute 
in urea solutions of pH 8.3, 7.0 and of 4.5 respectively. After this, the acidic 
as well as the neutral urea solutions were adjusted to pH 8. 3, and then the title 
ol the fertilizin of those three solutions were determined. The result was that 
the alkaline urea vsoliition divssolves more fertilizin than the acidic. (Table TV;. 


Table IV. S >lubility of cytofertilizin in 1 Mol urea solutions of various pH 

wore wiisht*(l t^r 1 iiiiiuiU' in I Mol urea .Holutioa^. volume /*. See. 

(^ac)>. VoIuiik; of flui<l 14 cc. 


.\u. uf (‘xp 

Ouil.w m 

tofortilizin in 

urea 

f<ir 2 min. in ItOO rev. /min. 

pH 

1 


XhiitH 

1 

1 

8 3 1 


P. 


1 f.4 

/ 


2 


L4 

4. s 
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Those two observations agree in the point that the solubility of the cyto- 
fertilizin is large in alkaline solutions. Since Loeb's divseovery acidic sea water 
was mOvStly used for dissolving the fertilizin contained in the jelly. My result 
opposes this and shows that the solubility of the cytofertilizin is large in alkaline 
solutions. Accordingly, the fertilizin must be distinguished from the jelly coat. 

SECRETION OF FERTILIZIN BY FERTILIZED EGGS 

According to Ln. lie's hypothesis the fertilizin in the egg will be inactivated 
in the fertilized egg by the antifertilizin. This wull be the case as the fertilized 
egg does not secrete the fertilizin. And it is difficult to detect the fertilizin in 
the fertilized egg, unless some treatment to prevent the inactivation of fertilizin 
is done. 

Fortunately, the writer could detect the fertilizin in the fertilized eggs, which 
were previously treated with HCl sea water. The jelly coat of the unfertilized 
egg was removed with acidic sea water. This procedure has an important 
effect to retain the fertilizin in the fertilized egg, and also to prevent the toughening 
of the fertilization membrane, on which the writer will describe in another 
paper (Motomura 1950). The jelly-less eggs were fertilized in sea water and after 
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three minutes they were shaken in a lest tube with half-filled sea water to 
remove the fertilization membrane. The supernatant containing the perivitelline 
fluid showed a remarkable reaction of fertilizin (Table V). 


Table V. Secretion of cytofertilizin into the i^erivitclline space of the 

fertilized e>?^s 


.N'> of c\p. 
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4 j ... 

1 



It was ascertained in the next experiment that the fertilizin in the perivitel- 
line space of the fertilized e^j^ which has been treaU^ with HCl sea water prior 
to fertilization is not inactivated for more than thirty minutes (Table VI;. The 
jelly coat of the unfertilized e^^s was removed by washinj^ three times with 
HCl-sea water. The were then fertilized in sea water, and were placed 

therein for thirty minutes, the sea water was chanj^ed every fifteen minutes. 
Lastly, the e^RS were shaken in a test tube with sea water to break the fertili 
zation membrane. The fertilizin was detected in the last mentioned fluid. 


Table VI. Secretion (jf cytofertilizin into the perivitelline space 
of the fertilized crrs (Errs vol.O. bcc.. Fluid vol.Hcc) 

iSt‘no^ ol trVHtnuiiil 
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Those results show that the cytofertilizin is discharged into the perivitel- 
line fluid when the egg is fertilized. 
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J)ISCUSSION 

The old problem whether the fertilizin is secreted by the sea urchin has 
been discussed by many authorities. Recent investigators, Tu.ck :1941, 1948j and 
CoK.\>i\\\ (1941), have the opinion that the fertilizin is a component of the jelly 
layer and is not secreted by the rijx^ egg. The writer s i*esLilts agree with 
Luijh’s in the point thal the jelly-less unfertilized egg secretes the fertilizin in 
sea water. But, as to the solubility the cytofertilizin differs remarkably from 
the jelly coat. And from this fact it is concluded that acidic sea water is n(.)t 
suiiabh* for dissolving the cytofertilizin. 

The lertilizin of the eggs of Stron^'locentrotus pulchcrriinui^ was easily ex- 
tracted by a short boiling in sea water. Althougii it is said that the fertilizin 
is destructed by heat, Lii.i.n 's observation showed its thermostability in some 
extent? that ivS, the fertilizin of Arbacia is not destructed by heiiting over 90 'C 
for five minutes. Th(‘ writers observation do not contradict Lu.i.us results with 
Arbacia. 

According to lai i ii the fertilizin is not produced by fertilized egg. because 
it is inactivated by the antifertilizin of the egg soon after fertiliz<ation As 
mentioned above the present writer showed that fertilizin (‘an be detected in the 
perivitelline (luid of the fertilized eggs, when they were placed for a while in 
acidic .'^ea water prior of fertilization. This shows that the antifertilizin was 
lost by the treatment with acidic sea water. And, simultaneously, the eggs lust 
their ( apacity of toughening the fertilization membrane. From those facts it is 
probable that fertilizin and antifertilizin have some chemical relations with the 
substances of tlie fertilization membrane. Motomi ka (1941) showed that the fertili- 
zation membrane of sea urchins become hard by secreting the Janus (Ireen granules, 
cortical granules, into the perivitelline space. But according to the writer's 
present observation those granules are not discharged in acidic sea water. Recent- 
ly another new factor for the toughening of fertilization membrane was discovered. 
This factor, the third factor which will be described in another pai>er, is ex- 
tracted with acidic sea water from the unfertilized egg of Stronj^locentrotus 
puldierrimus and from the fertilized eggs of TcmnoPleurus liardwickii and of 
Clypcaster japonkus immediately after fertilization. The problem is, therefore, 
whether the third factor is identical with the antifertilizin of the egg. 

SUMMARY 

The nature of fertilizin in the eggs of a sea urchin, Strongylocentrotus pul- 
cherrimus (A. Acassiz) was described. The fertilizin is secreted by the jelly less 



560 


I. MOmMUKA 


unfertilized egg, in which the jelly coat was removed by sea water acidulated 
with HCl, butyric, tartaric, cytric or succinic acids in pH 4.0 to 4,8. Fertilizin 
was extracted by boiling sea water for a minute. The solubility of cytofertilizin 
in sea water as well as in isotonic solution of urea is higher in alkaline than in 
^acidic media. And. consequently, the cytofertilizin is distinguished from the 
jelly coat. The fertilizin was detected in the perivitelline Iluid of the fertilized 
which was placed in acidic sea water before it is fertilized. In this case it 
was remarkable that the fertilizin was not inactivated and that the fertilization 
membrane did not become tough. 
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In 1941 Moiomtha showed that the fertilization membrane is composed of two 
kind' of materials, the vitelline membrane and the Janus pireen granules. The 
formt']' is elevaied from the egg surface bv the colloid osmotic pressure of the 
secreU'd portion of the Janus green granules, and the latter from the precipita 
tion m('mbrane at the inner surface of th(‘ elevated vitelline membrane by the 
prt'sence of calcium ions. In 1947 RrN\siK5M also discovered inde^^endently those 
granules, the cortical granules, in the cortical laycT of the eggs of sea urchins 
and described the function of th(im for th<' membrane formation. 

kecently the writer took note of another or the third factor which is soluble 
in acidic vsea water, for toughening of the fertilization membrane in addition to 
the above mentioned factors The importance of the third factor on the for- 
mation '?f the fertilization membrane will be described below 

The observations were carried out on tlie eggs of St7U)nfii'loccntrotu$ pul 
cherrnnus A. Acassi/) and I'emnoplrunts Jiardivirkii Gray) at the Asamushi and 
of Clypioater japonirus Dodlri.i in at the Misaki Marine Biological Stations. 

My sincere thanks are due to Dr. K. Dan, Professor of Tokyoto University, to 
Mrs. Dr J.C. Dvn and to Mr. Y Enuo for working facilities and for the generous 
supply of materials. 

OBSERVATION 

I . S TRONG V LUCES TRO TUS PULCHERRIMUS 

In the course of observations on the fertilizin of this si>ecies the writer 
noticed an interesting phenomenon that when the egg was washed for 10 minutes 
with HCl-sea water prior to fertilization, it forms a thin membrane by fertili- 
zation without toughening as in the normal case. The fertilization membrane 
thus formed could be torn by shaking. This was accertained more quantitatively. 

( 'ontribntinjirt from the Muriin biological Statiou, Artaiauwlii. Aomorikeii, No. J86. 

Thewe roscarchcH were aidoil by the Scieiilitic Kesoardi Expenditure of llie Department 
of Education. 
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The experiment was carried out in two ways. The one is that the unferti- 
lized eggs were centrifuged to remove the jelly, and next, placed for 10 minutes 
in HCl-sea water of pH 4.5, and then fertilized in normal sea water. In the 
other set the extract of the unfertilized eggs were used. The unfertilized eggs 
were centrifuged to remove the jelly, and then extracted for 10 minutes with 
HCl -sea water of pH 4,5. This extract was adjusted to pH 8.3 before use. 
The jelly-less eggs were washed with HCl-sea water and then fertilized in this 
extract. Three hours after fertilization the toughness of the membrane was 
tested by shaking the eggs in a test tube with half -filled fluids. The fertilization 
membrane in the latter case was as tough as the‘ nfmmal egg, while in the 
former case it was thin and could easily be torn (Table I;. 

Table 1. Inhibition of toughening of the fertilization membrane by 
treating the unfertilized e.ggs with HCl-sea water in 
^troyigylocentrotue pulcherrims 
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1 
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1 

4 


1 84 

epe" water 




1 

Nnrinal fertilizt'd agii’H 

1 

s ' 
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Those facts show that by washing the unfertilized egg with acidic sea water 
a factor necessary for the toughening of the fertilization membrane was dissolved 
away. This factor can be added again to toughen the membrane. 

The chemical nature of this factor is not yet clear. This factor will be as- 
sumed to be a basic substance bei:ause it is soluble in acid and not in sea water. 
It is distinguished from the Janus green granule in that the latter is not secreted 
in the acidic sea water. It is contained in the egg cytoplasm, and is different 
from the jelly. The reason is that the extract of the jelly-less egg contains 
this factor, if the jelly was p>roviously removed by centrifuging. The writer 
assumes, therefore, that this factor is new, and he tentatively calls it the third 
factor of toughening the fertilization membrane. 
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TI . C7. YPEAS TER JAFONICUS 

A Effect of the Jelly on the Touf^ienin^ the Fertilization Membrane The 
jelly of the unfertilized em was first removed by washing with HCI sea water 
of pH 5.0 for 10 minutes. The ei?Rs were then fertilized in sea water. Tou^h 
membrane as in the normal e^c: was formed. Thus, the jelly of the ej?.cjs of 
Clypeaster showed no effect on the touRheninR the fertilization membrane 

B) Deflation of the Fort Hi zat ion Membrane in HCl-Sea Water and Inflation 
m Sea Water , 1'he fertilization membrane deflates when the fertilized ec:^ is 
put into HCI sea water before the touKhenin^ of the membrane. The experiments 
were as follows. 'Phe jelly of the unfertilized e;;;< was removed by washing; for 
10 minutes in HCI sea water of pH 4 5. The e.t^i^s were fertilized in sea water, 
and after one and a half to two minutes, when the fertilization membrane l3eKan 
to tdevate, they were put into HCPsea water of pH 4 5, The fertilization 
membrane of those e.^.c:s soon be.t^an to deflate, and the irerivitelline spa('e l)e 
< ame invisil^le. 

'Phose ei^^s can inflate the membrane attain, if they are transfena.^! to sea 
water. This shows that the inflation is caused by a colloidal substance which is 
l)lockod to swell in acidic sea water, because it was ascertained by the method 
of vital stain in.i^ that the Janus screen j^ranule, a colloidal pre- membrane stuff, 
had been already discharged from the cortical layer. 

The swelling of the t'olloidal substance is destroyed by placing for a long 
time in acidic sea water. 'Phe eggs placed for oiit^ hour in acidic sea water 
showed a go<Kl inflation of the membrane, but after two ho\irs it was not the case. 

C) The Third Fa'tor of the Tonfjicnini^ of fh' Fertilization Membrane. 
The toughness of the fertilization membrane decreases by the treatment v/ith 
acidic sea water. Although the membrane inflates again, if the fertilized eggs 


are transferred from acidic sea 
water to normal sea water, it 
soon begins to deflate again even 
in sea water. Those phenomena 
are shown in P^ig. 1. The jelly- 
less eggs were fertilized in sea 
water imd were tranwsf erred with- 
in one and a half minutes into 
HChvSea water of pH 5. 0. After 
30 minutes they were transferred 
again into sea water. The 
changes of diameter of the ferti- 



Kin. 1. lullutiMii and (InilaTim >>1 tlie 

t(‘rti!i/a l i< Ml tnriiibtaii*' in wtiu'r ni I'l* rntiliml 
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libation membrane were measured. The membrane at first began to inflate up 
to 155 tx. and from 6 minutes onward it sank again After 30 minutes no perivitel- 
line space was observed. Those facts show that the fertilization membrane of 
the acid- treated egg is thin and elastic in comparison with the normal one, and 
that the third factor, a factor necessary for the toughening the fertilization 
membrane, was lost by this treatment. 

1) Tou^henin^ the Fertilization Membrane by Adding the Extract. Likewise 
in the case of Strangylacentrotm Pulcherr imus the third factor was detected in 
the acidic extract, which was prepared by washing the jelly- less fertilized egg 
with HCl-sea water of pH 4.5 for 30 minutes and was neutralized to pH 8.3 
The fertilized eggs with deflated membrane in HCLsea water was divided into 
two portions, which were put into the extract and normal sea water rt^specti vely. 
In both cases the membrane elevates at the beginning, but after tliis it sank in 
sea water, while it became tough and did not sink again in the extract. ; Table 
II). From those observations the writer believes that this fador is identical in 
its function with that of Strongylocentrotus pulchcrrimus. 


Table II. Toughening of the fertilization membrane by the egg extract 
in the fertilized eggs of Chpeaster jap(niiafs 
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E) The Time of Discharge of the Third Factor Conlrixry to St ,PulcherrimuH 
the third factor is difficult to extract from the unfertilized egg of Clypeastcr, 
This was ascertained as follows. The extract of the unfertilized egg with HCl- 
sea water was compared with that of the fertilized egg. One and a half minutes 
after fertilization the eggs were put into HCl-sea water of pH 4.5 for 30 minutes, 
and after this they were transferred in the following three fluids ; 1) extract of 
the unfertilized eggs by HC» sea water, 2' extract of the fertilized egg as mention 
ed in D;. 3) sea water. As the extracts in 1) and in 2) were acidic, they were 
neutralized to pH 8. 3 before use. After one hour the eggs with the elevated as 
well as the sunken membrane were counted (Table III). 

AvS the results it was remarkable that only the extract of the fertilized egg 
was effective for toughening the membrane. Those results showed that in the- 
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eggs of Clypeaster the third factor is present besides the Janus green granules 
and calcium ions, and that the third factor of this species is not secreted before 
the fertilisation. 


Table III. Comparison of the effect of egg extracts of unfertilized and 
of fertilized eggs on the toughening of the fertilization membrane 
in Clypeaster japonicus. Egg volume 0. 5 cc each. 


FInidH 

N(^. of with 

deflaUMi fertilization 

membrane 

No. fd witli 

complete fertilization 

menihrane 

1 

1 

TotftI 

Extract of unfertilized 

11 

8 

85 





Extract of fortiliztxl 

10 

80 

00 

1 

Kca waU*r 1 

100 


100 


III. TEMNOPLEURUS HARDWICKII 

A) The Third Factor is not Secreted by the Unfertilized Egg. The unferti- 
lized eggs of Tenmopleurus was placed in acidic sea water of pH 4. 5 to 5 for 
30 minutes and then fertilized in sea water. The normal fertilization membrane 
wsa formed in all cases. The factor for toughening of the membrane was not 
lost by the treatment. The loss of the jelly coat exhibits no effect on the 
membrane formation. 



Fip. 2. Elevation of the fertiluaiiou membruiun of a normal ogg, and deflation of the 
membrane after placing in acidic aeji wau*r. Temmplenrus tiardwtckri. 

B) The Deflation and Inflation the Fertilization Membrane, The fertili- 
zation membrane elevated to the largest diameter of 155 a three minutes after 
fertilization. The thickness of the perivitelline space measured 40 //. at this time. 
When the fertilized eggs were put into HChsea water of pH 4, 5 three minutes 
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after fertilisation, the membrane deflates gradually to 135 /u, and after this it 
remained in this position (Fig. 2). If the eggs were transfered to sea water 
again, the membrane elevated up to the maximum diameter of the normal ferti- 
lisation membrane. In this species, therefore, the mode of deflation of theferti- 

/ 

Ikation membrane in the acidic as well as of inflation in the alkaline media is 
quite similar to that of Clypeaster, except that the deflation is incomplete. 

C) Secretion of the Third Factor from the Fertilized Three minutes 

after fertilization the eggs were washed for 10 minutes in HCl-sea water of pH 
5. 0, and then were transferred to normal sea water. The fertilization membrane 
elevated again in the last fluid. Thirty minutes after the stay in sea water the 
toughness of the membrane was compared with that of the normal egg (Table IV). 

The membrane of the eggs treated with acidic sea water was easily tom by 
centrifuging for a minute with 2100 revolutions, while in the normal egg it re- 
mained unaffected. Those facts shows that the third factor was lost by treating 
the fertilized eggs with HCl-sea water. It was also noticed that the toughness 
of the membrane approached to the normal when the eggs were treated too early 
with the acidic sea water. That is, when the eggs were transferred 2 minutes 
after fertilization into acidic sea water only a half of the membrane was torn 
by the same centrifugal force ^Table IV). 

Table IV, Loss of the factor for toughening the fertilization membrane 
in Temnopleurus by washing the fertilized eggs with HCl-sea water 

The eggH were placed for 10 miiiaWH in llOI-nea water of pll 5.0 from 2 to 3 minute^ after 
fertili*ation, and then replaced in wea -water. Control showed normal fertilized eggg. 
Membrane was tested by centrifugrul force of 2I00 revolution. 


Treatrnentfl 

1 

No. of eggH with torn 
^ membrane 

No. of eggs with 
' complete membrane 

Total 

Put into HCl-aea water 

2 min. after fertilization. 

179 
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Put into HCl-sea water 

3 min. after fertilization, j 

1 

112 

1 

7 

119 

Control j 

0 
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D) The Time of Secretion of the Third Factor, In the preceding section 
the writer pointed out that the secretion of the third factor is remarkable at 
3 minutes after fertilization than before. Serial experiments to ascertain the 
time of the maximum secretion showed that it was maximum in the eggs trans* 
tored to the acidic sea water 5 minutes after fertilizaticm, because the least 





A NEW FACTOR OF FERTILIZATION MEM. 


567 


toughness was observed in this case (Table V). The results show, therefore, 
that the secretion of the third factor reaches the maximum within 3 to 5 minutes 
after fertilization. 


Table V. Time of secretion of the third factor by the fertilized eggs of 

Temnopleurus hardwickii 
The meth(Kl of iroatnient wuh tho name us in Table IV. 


Treatments. Time elunpod 
bcf(»re putting into ilCl-sea 

water after fertilization. 

1 j 

No. of eggs witli 
torn membrane 

1 

No. of eggs with 
Complete membrane 

1 Total 

1 minute 

55 

8^, 
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J miiiuteH 

72 

) Jo 
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5 minuteH 

28/ ’ 

2J 

JIO 

10 mi mi U‘H 

0 . 

1 1 18 i 

1 18 


E) Tou^iening Effect of the Third Factor. Three minutes after fertilization 
the eggs were extracted for 10 minutes with HCl-sea water of pH 5.0. The 
eggs were divided into two lots. One lot was transferred to the ordinary sea 
water, and the other lot was put into the above mentioned extract which was 
neutralized to pH 8. 3 before use. After placing in those fluids for 30 minutes, 
the eggs were centrifuged for two minutes at 22(X) revolutions per minute. In 
the normal sea water the fertilization membrane was torn in most of the eggs, 
and on the contrary, in the egg extract the membrane remained normal. This 
shows that the fertilization membrane was toughened in the egg extract 
(Table VI). 

Table VI. Toughening effect of the third factor for the fertilization 
membrane in Temnopleurus hardwickii. 

The fertilize^! eggs wore wuHhed with llCI-soa water and then plaoed either in sea water or 
in the extract. C<mtn)l ih normal eg:gfl, After 30 minutefl the were centrifuged. 


Treatmeri1.H 

No. of eggs with 
t<irn membrane 

No. of eggs with 
complete membrane 

Total 

Treated with acid and 
then plaoed in sea water 

8/6 
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1059 

Treated with acid and 
tlien placed in the extract. 

182 
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718 

CVintrol 

0 

250 

250 
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DISCUSSION 

In the previous paper (Motomura 1941) the writer showed in the eggs of 
Strongylocentrotus pulcherrimus that the vitelline membrane is elevated by the 
secretion of a colloidal substance, the Janus green granules, into the perivitelline 
space, and that the formation of the fertilization membrane is performed by 
precipitating those granules inside the vitelline membrane in combination with 
calcium ions. The Janus green granules are observed not only in the eggs of 
Strongylocentrotus but also in that of Temnopleurus and of Clypeaster, And, 
according to Moork (1933) the mechanism of the membrane formation is said to 
be smiiar, because the premembrane stuff of those eggs are equally dissolved 
by isotonic alkaline solution of urea. It was already pointed out by the writer 
that the Janus green granules is more soluble in alkaline than in acidic solutions 
(194r. The third factor described in thivS paper is, therefore, different from the 
Janus green granules in its solubility. It is different from calcium ions, because 
all of the experiments were carried out in the presence of calcium ions. The 
chemical nature of the third factor was not determined. The solubility shows 
its nature to be of a basic substance. The factor diffuses out of the vitelline 
membrane in acidic sea water, and comes in again through the elevated vitelline 
membrane. And as far as the writer is aware the third factor concerning the 
toughening the fertilization membrane has never been reported although the 
cortical granules, the Janus green granules, and calcium ions were previously 
known. 

A large numbers of the egg secretions hitherto reported are concerned 
with the fertilizin. The fertilizin of the eggs of Strongylocentrotus pulcherrimus 
is of a different nature as reported in another paper (Motomura 1950). It was 
hardly detectable in Temnopleurus and in Clypeaster. Tvler and O’mki.vknv (1941) 
described an acid-soiuble substance, antifertilizin, which is extracted by acidic 
sea water of pH 3.5 to 6.0 from the sperm of a sea urchin. The antifertilizin 
has been also reported by RuNNsxKdM (1935) from the egg, and by Frank (1939,) 
from the sperm of Arbacia. If the nature of antifertilizin reported by those 
authorities is identical, the factor described in this paper is mostly related to 
the antifertilizin in its solubility to acid. But the writer has not yet examined 
the reaction of the third factor to the antifertilizin. 

The time of release of the third factor differs according to the species. In 
St. pulcherrimus it is easily extractable from the unfertilized egg, while in Tern- 
napleurm and in Clypeaster it is released only in a short time after fertilization. 
This suggests that the third factor is combined in the unfertilized egg in the 
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last mentioned two species. From literatures, however, the writer was aware 
that in many species of sea urchins the fertilization membrane is not affected 
by treating the unfertilized egg with acidic sea water, as in Arbacia (Lillif, 
1914), Stronj^loccntrotus purpuratus (Lokh, 1914\ Echinarachnius (Jr.si, 1919), and 
in Paracentrotus, Spliacrechinus and Psammechinus (Hcr/rAN, 1948). The combined 
state of the third factor in the unfertilized eggs may be common in many species 
of sea urchins. 

Ab to the mode of reaction of the third factor the writer has not yet studied 
the problem thoroughly. The factor is secreted into the perivitelline space 
following the secretion of the Janus green granules. The reason is that the 
membrane is not toughened at the beginning of wsecreticm of the Janus green 
granules, and that the factor is extracted effectively from three minutes after 
fertilization onward, when the Janus green granule has already been discharged 
in Temnopleurus and in Clypeaster. Whether the third factor is an enzym or 
not will be varified in the next experiment. The writer is inclined to believe 
that the third factor is secreted by the egg immediately after fertilization into 
the perivitelline space accompanied with the Janus green granule, and that it 
takes a part in the toughening of the fertilization membrane with the other two 
factors, the Janus green granules and calcium ions. 

SUMMARY 

A new factor, the third factor, for the toughening of the fertilization mem- 
brane was described in the eggs of the sea urchins, Strongylocentrotus pulcher- 
rimus, Temnopleurus hardwickii and Clypeaster japonicus. The third factor is 
secreted by the egg immediately after fertilization into the perivitelline space, 
and takes part in the toughening of the fertilization membrane with the other 
two factors, the Janus green granules and calcium ions. The third factor is ex- 
tracted by acidic sea water in unfertilized eggs of Strongylocentrotus pulcher- 
rimus, and in fertilized eggs of Temnopleurus hardwickii and of Clypeaster 
japonicus. By losing the third factor the toughening of the fertilization mem- 
brane does not occur. By adding this factor again to the eggs the fertilization 
membrane become tough. 
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